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IJJTHODOCTIOB 

Investigations  concomiiij;  t-w  beneficial  effect  of  olieo. 
ionls  upon  the  stor;        ctoristlos  of  wlieat  sight  properly 
be  divided  Into  two  an  in  categories*  '.'he  X'irst  classification 
would  cover  t  iose  studios      I  -o  concerned  with  the  stimu- 
lation of  1 10  inherent  physiological  processes  in  t!ie  living 
seed  which  Blight  increase  its  valuo  for  milling  purposes* 
socond  cote  'ory  would  include  those  investigations  which 
to  do  wit"-  t  !©  prevention  of  the  deleterious  of foots  of  storage 
that  result  frora  t!»  opoi'stion  of  extrlnsio  agencies,  such  as 
excessive  nolsturo,  rodents,  fungi,  and  Insects* 

Tiiis  study  iifts  Included  sox  phases  of  both  of  the— 
pro!    .      lone,  a  gas  of  aerified  physiological  potency  for 
sons  plants,  was  investigated  for  the  possible  improving  or 
astorlng  offeot  that  it  .  iV-  t  >avo  x\  unit  or  wr»at  products 
In  storage*  ::-.t»roua  otiier  oo  ipounda  we^-o  I  tod  to 

oralne  their  efficiency  in  inliiblting  t:»  deterioration  of 
stored  grain  due  to  aold  growtli* 

Any  procedure  which  would  accelerate  the  nu.'.aal  tmixm  Jj 
or  aging  process  of  freshly  harvested  w  a>at  would  be  of  great 
value  to  ti»  nilli.i;:  Industry  and  to  fanners.  Ho  longer  would 

icrveoting  period  be  dotorulnod  solely  by  the  stage  of 
maturity  of  the  wlieat  in  the  field*   Vlthln  liaite  of  oonoidor- 
ablo  latitude,  :;raln  could  be  .arvested  when  t!»  propor  oqulp» 
saent  was  reedily  available  and  when  the  weather  sat*.  ot:»r  con- 


dltions  wore  at  their  opticus  few  officiant  harvest-  . 
toy  proper  trootaont  in  the  aill  or  in  t:ao  olevat  -r,  to  wheat 
could  bo  broujjht  to  t  *>  stayo  of  naturity  normally  attained  by 
natural  aginr:  in  storage  «  .lea  aeJsu  for  iwwiaasa  effioieney  In 
ailllne  and  bateiiy> 

Ths  eeonoztle  value  of  proservstivoc  for  wheat  in  storage 
nay  be  enpbsslsod  by  pointing  out  t'wt  at  least  G5,5i>0,000 
aetric  tons  {72,000,000  abort  tons)  of  ooreel  fipalns,  pulse* 
end  oil  seeds  aro  destroyed  yearly  insects,  rodents,  and  f.e.  . 
z   f  ieure,  which  was  stated  by  representatives  at  the  la/bar- 
netionel  :»otina  on  Infestation  in  roodotuffs  sponsored  by  the 
Pood  and  AGrieulture  Organisation  of  the  United  nations,  held 
in  London  in  August  1347,  is  approxloatoly  equal  to  tba  aenunt 
of  toae  foods  wiiicVi  enter  world  trade  annually.  Any  dstbod 
oould  bo  used  to  ainluiee  tills  treasndoue  loss  of  food 
would  not  only  be  of  great  ooonoiaie  advantage  to  the  nations 
and  individuals  engaged  in  the  production  of  such  food,  but 
would  also  hoi?  to  iaprove  tl»  now  oub-optlnel  diets  of  much  of 
the  world  population* 

•o  aa  a  ;:eturlnc  Agent 

There  are  aany  references  in  tie  litorature  to  lnvootiaa- 
tions  of  the  of foot  of  ethylene  on  fruits*  seedlings,  c  . 


"rooter  (15X0)  states  t       <jab   is  pSiyalolo  Aeally  active  in 
o  jailor  oatieontretlons  tmu  any  otter  oZseialcal*  Tt»  gas  will 
induce  loaf  epinoaty  In  t »  .'.Moan  nerigold  If  present  to  the 
extent  of  0.031  .  .  .      .  It  'iOBtona  ripening  ehengea  In 
fruits  and  .no  been  used  cojxaerolnlly  for  tide  purpose*  The 
Cianges  mob  it  indues*  seen  to  be  mlnly  hydrolytio,  c.  . 
starch  to  suo*r*  'any,  if  not  nil,  respiring  plant  tissues 
produce  ethylene*  "o  nontion  is  aede  in  Crocker**  book  of  eny 
fungi-inhibiting  or  otiaulatlng  powers  of  ethylene. 

The  literature  concerning  the  effect  of  ethylene  on  dor- 
aent  grains  is  oeager*  Balls  and  Hale  (1940)  attested  to 
hasten  the  after-ripening  of  now  wiest  by  treating  it  with 

cy  claliied  t Hit  te  gas  lied  a  definite  Improving 
effect*  flssr  .Tilled  from  oti  -.ylene-troatod  wheat  riroduoed 
brsad  wiiioh  was  of  exoellent  texture  and  good  color,  and  which 
was  apparently  noraal  in  all  other  respects*  on  t'.*>  otiior  ':  jand* 
brsad  toad*  from  t'.w  untx*ntod  control  :iad  suellor  voluae,  ens 
soggy  and  was  "green"  in  color*  Sails  and  rials  also  found  t-'vut 
Gemination  was  increased  by  smll  dosages  or  ettiylone  ciu  d**> 
creased  by  Inrgo  dosages  of  ethylene*  Treatoent  with  t:»  gas 
spperently  had  no  effect  on  rates  of  oxygen  eonsutx>tlon  by  the 
grain* 

Sundborg  (1949)  undertook  an  extsnslwe  soriee  of  oxporl* 
asnts  with  ot  _ ':.'lono»treased  wheat  of  varying  degrees  of  natur'ty* 

L-osulte  were  largely  inconclusive,  although  it  appears  that 
ethylene  treatoent  decreseed  scnswhat  the  broedaeking  quality 
of  flour  milled  frou  w  ont  lisrvooted  at  90  per  cent  noiature* 


It  decreased  gemination  In  soao  caaoo  end  Increased  it  In 
ot  iers* 

Part  of  the  present  study  Is  a  continuation  of  r»uaclborg«a 
worie  with  particular  ojplwais  on  the  afreet  of  otljyleuo  - 
respiratory  oheraoteristles  of  wMeat  harvoefcod  at  Olfrcreni 


drain  Rsepiretion  as  \oiatoU  to   iaiature  Content 
end  Liold  liiiiibitore 


The  respiration  of  grain  soeas  to  have  afforded  a  populs* 
field  of  investigation  for  biociieaiste  lntorestod  In  tie  cereal 
Indus trios* 

Ae  early  *■  laai  :.Jeunt»  discovered  tiat  the  reeplretion  of 
grain  increased  ae  the  Moisture  content  was  raised*  ;»  found 
t  sis  increase  to  be  slltf-it  until  a  uolsture  content  of  IS  to  14 
per  oent  was  reached,  after  wiiieh  it  Increased  touch  nare  rapidly* 
onliiic  the  grain  in  air-tight  container*  decreased  its  carbon 
dioxide  production.   aval  (1904)  a  I.  J.larly  found  that  respira- 
tion of  wheet  increased  as  its  ■SesTtOM  content  was  increased* 
A  pronounced  lowering  of  the  seed  viability  aoooapenled  this 
increase  in  respiration* 

Bailey  and  surjar  (1010)  ittvestigated  uany  of  t.'no  factors 
Influencing  tie  reapiratian  of  wheat.  Orein  stftfl  had  been 
aoist  for  a  ootqpsrtttlvely  lone  ttiae  as  a  result  of  natural 
deepening  gave  a  higher  respiration  rate  then  west  which  had 
been  artificially  datvened  only  t.sree  days  previously.  Shrlv- 


oiled  w'aeat  wan  found  to  :>ave  a  hlj^jor  reapiratory  rata  than 
sound  wiieat  at  ti«  aa.M  ijolaturo  oontont.     .  jaxiaun  rata  of 
respiration  oocurrod  at  S89  C,   *apirotion  was  rodjood  by  ao> 
eusulatod  oarbon  dioxide,  and  inspiration  In  an  oxygon-free 
ateaospiere  was  reduced  to  about  two-firt:ia  t'iat  In  air. 

It  appears  t -at  teas  earlier  Invootigetors  assunod  that 
t!»  luoraasa  In  raapiratlon  following  art  increase  in  aoieture 
content  was  due  to  a  stinuleticm  of  fc  e  netebolio  processes  in 
f'»  domaant  seed*  However,  Silraan  and  narron  (1930)  b  wwod  Kiat 
heating  and  deterioration  in  stored  corn  was  largely  doe  to  tie 
effects  of  Mold  growth*  ?"eso  pijenoooua  ere  associated  with  an 
increase  in  respiration*  r-ceniuk  and  Gilnan  (1044)  stated 
that  •the  oouditlons  wider  wliich  detorioration  ••••  (in  corn) 
...  oeoure  and  the  changes  a  dcii  follow  ite  initiation  indiooto 
that  it  is  primarily  a  biological  deeonpositlcai." 

The  oonaeotlon  of  taloroorjianisns  with  the  weeting  phsnon* 
anon  in  various  stored  foodstuffs  i*d  bean  suggested  nuoh  earlier* 
As  early  as  1012,  Pelvec  had  stated  that  aieroorcanlaesi  had  nuoh 
to  do  with  rise  in  temperature  of  stored  seeds,  and,  oven  before 

MM  (1007)  had  obsorvod  the  presence  of  ciolds  and 
bacteria  in  entiac  hay* 

Ullaer  and  fiedde*  (1946)  found  that  an  intimate  relation* 
ship  exists  between  the  increased  odd  growth  end  tlis  inoroeeed 
respiratory  ratoa  in  w:»at  at  high  noieture  contents*  The  intoiw 
dependence  of  those  two  phanoraena  was  clearly  deoonstrated  by 
'iilnor,  rs>lstc;;son  and  Oeddea  (1947)  when  tliey  showed  that 


certain  aold  Inhibitor*  have  u   ,:o;wessant  action  on  tijo  reepiro- 
tlon  of  nolst  seat.  v.«y  investigated  107  ooapounds  known  to 
have  func.iototic  action  and  found  that  t:  liouroa  and  ;:ydroxy- 
quinolino  sulfate  were  the  ooat  of :'octive  of  t:»ae  In  inhibiting 
to  respiration  of  deep  grs'  . 

,   -lotennon  end  OSddee  (1047a)  found  tSiot  t.'io  de- 
velapnent  or  fat  oddity  in  ;;rain  was  a  seed  Indicator  of  the 
extont  of  Mold  sytmi.  . 

Ler.iour»  Clayton*  and  rrenahall  (1936)  neaaured  the  carbon 
dioxide  production  of  *  seat  at  SO  per  cent  nolature  content 
stored  under  various  conditions*  Tbmy  found  that  carbon  dioxide 
production  increeeed  aush  nore  rapidly  In  aa  rploa  w:d.ch  wore 
continuously  aerated  and  that  the  Initial  respiration  was  alao 
greater  in  these  s&^lss.  7;*y  found  that  the  aoounulntion  of 
carbon  dioxide  in  denp  v*»at  tends  to  retard  ths  respiration 
prooosa  and  tiierefore  tl*y  believe  that  t!»  discontinuous 
prcjoess  of  respiration  aeeeuro:*>nt  doea  not  give  the  "*»r<^Ti 
rate  of  carbon  dioxide  production  for  a  given  aoisturo  content 
end  temperature*   "urthenaoro,  it  was  observed  that  wit':  tho 
discoatinnoua  Method  the  rate  of  carbon  dioxide  production  de- 
pended to  boob  extent  upon  the  free  air  space  in  ti»  veaeeli 
weight  per  bus'.aol  end  degree  of  packing  too  eauaple  would  affect 

i-ato  of  carbon  dioxide  production  in  enall  containers*  7!iue 
t  cue  oxi>ori.»ntors  decided  that  for  ocuparativo  work  the  con- 
tinuous aet'-sod  seo  jod  loss  subjoot  to  error  and  accordingly  It 

adopted* 


tswoour,  Clayton  and  ratiShan       a  nuobor  of  t-joir 
sa  iplos  with  various  chetaleals  to  ;iotoi\  doo  the  effect  of  uold 

"jitora  on  t  oa  rosplmtlon  rate*  f-'eaples  which  had  boon 
surface  disinfected  with  oarourle  cMoride  were  aerated  In  the 
norael  manor  and  also  with  air  oontaininc  toluene  vapor  (ah 
1  oo  lii  24  hours)*  T3*ey  found  that  tiie  toluene  vapor  stimulated 
respiration  above  thnt  of  tio  control  aaaplo  until  Ma  tidrd  day 
when  a  decrease  began*  The  so; ->lo  treated  with  usrcjric  ohlorlde* 
but  not  with  toluene*  o'awod  a  constant  decrease  la  respiration 
until  the  twelfth  day*  at  which  tias  o  rapid  deoreeee  ensued* 
Final  reaplratlon  rates        sa»lo  (on  t!»  seventeenth  day) 
was  eX-MBt  twioe  tha  aasiswn  attained  by  t  o  toluene  ti-ortod 
sample  and  over  thirty  tines  thnt  of  to  toluono-trested  sauplo 
on  t'e  sane  day*  Tlsey  suggest  t?«t  t'.o  initial  stimulation  of 
seed  respiration  by  she  tolueiso  vapor  was  due  to  the  effect  of 
the  ehanleal  upon  t  so  natabolic  praoesaea  or  t  >o  onbryo*  and 
that  tha  rapid  Inareaee  in  rospiretlon  an  the  twelfth  day  of 
the  aa:;>le  w'dc;-  had  not  been  treetod  with  toluene  was  due  to 
■  ■  -_       » 

Toss  oxporlraatere  treated  wheat  at  vnrious  rtolsturea  with 
oontinuouB  carbon  tetrachloride  vapor  in  air  and  conparod  the 
rospiretlon  rates  with  t.-soee  of  sa  :,->les  which  were  not  troatod 
with  thia  o'sOTilonl.  they  found  thst  eontinuoua  application  of 
ocrbon  tetrachloride  vapor  prevented  :»ld  growth  at  20  por  cent 
oolsture  but  not  at  24  por  cent  aoisturo*  :»ro  was  observed  a 
alow  deereese  in  respiration  at  fairly  high  moisture  contents 


and  they  suci;»ot  tiiot  tills  ni  a  result  of  the  anaesthetic 
effect  of  carbon  tetrachloride  on  to  went  notnbollara*     They 
conclude  that  tie  vr  >Jr  of  t'la  c' ;o:  ileal  ro' sod  tiio  critical 
nolsture  fop  repld  t»ld  prolifwatian  by  ct  locct  two  por  oo     . 
As  a  correlated  observation,  tleae  workere  found  that  wheat 
stored  at  86  pee  oent  aolsture  and  traatad  with  carbon  totre- 
o -lorldo  shoved  no  tendency  to  heat  for  B5  days*  tio  duration 
of  the  axperinent.    The  daap  v. eat  atorod  for  25  days  after 
trontnont  wit1)  carbon  tetraohlorlda  avowed  no  dininution  In 
batdnc  quality. 

Larsaour  and  riergstelnason  (1038)  in  tor  extended  this  work 
and  included  ouc'i  baking  data  on  aanples  ctorod  fox*  as  long  as 
40  weeks  at  various  Moisture  oontenta*    7hey  eaployod  five-pound 
samples  of  :wrd  wseat  storad  at  21°    :.     it  was  found  that  actios 
at  IS  par  oanfc  aoieture  which  had  boon  troatod  with  as  auoh  as 
CO  oc  of  carbon  tatraohlorida  showed  no  dalatorious  changes 
after  40  weo.ai  of  eterego.         ont  storad  at  10  per  oent  .-jointure 
became  nusty  after  10  woks  in  storage  if  the  sa-jpla  was  traatad 
with  ont  oo  or  loan  carbon  totzv.e  aorido.     rim  baking  quality 
of  all  ooiplos  at  this  uoioture  lovol  deteriorated  after  20 
weeks*  rofjardlesa  of  tiio  dosage  of  ohenleal  oaployed*    After 
four  waelce*  the  ca  :?loa  stored  at  24  per  oent  nolature  exhibited 
a  sour  odor  but  no  rustinoso.     All  treated  eaaples  oontalning 

I  percentage  of  ;»lature  mewed  distinct  evidence  of  damage 
to  quality  after  four  weeks*  while  tiio  control  was  undaaaged* 
..•ae  alight  in  t*  staple  troated  with  one  oo  of 


carbon  totrecloi-liio  but  oovoro  with  larger  dosages,  -"he 
Increased  with  tins,  sod  after  80  weeks  storage  all  aa^loa 
war*  ioovlly  dodged* 

nc.'ml  (1040)  studied  t:to  relative  offootlvoj>ooa  of  var- 
ious ehoiaicala  In  decreasing  the  deterioration  of  cottonseed  at 

wleture  coctente.  ■'•  did  not  attribute  this  deterioration 
to  aold  f.yjwt' ;,  but  since  he  used  t'»  fat  acidity  value*  and 
the  rate  of  heating  aa  en  lnd'catlon  of  the  rate  of  docoupooiticm 
It  asy  be  aaeuaed  that  t:»  affects  whloh  he  noted  sere  due  to 
fungi,   e  la  toil  about  SO  eoapounds  whloh  he  had  found  to  be 
effective  In  preserving  cottonseed. 

Wnslton,  Phaff,  Ursk,  and  Fisher  (1946)  found  that  epoxides 
wore  powerful  reagents  against  certain  yonata,  nolds  end  bac- 
teria that  attack  foods.  At  8fl°  I'.,  SJM  :.il  of  a  20  par  cent 

leas  oxide  adxtore  per  liter  of  air  for  three  hours  was  neces- 
sary for  ooaplete  killing  of  yeasts  and  noldo.  The  funlgant 
was  nor*  effective  aa  tlw  terjperature  Inoroaaod  fron  50°  to 
100°  P«  Propylene  oxide  was  not  as  effective  as  ethylene  oxide. 

Pheffer  and  ■uacan  (134G)  found  that  bonsalda  iydo,  3- 
c 'iloro,)  ridine,  ethyl  awrcurlohlorldo  and  e-ehlorop  toaol  vers 
qu'te  effective  In  inhibiting  :»ld  growth  on  rsany  aubatrntea. 

The  present  aold  inhibitor  studies  were  Instituted  with  s 
view  to  extending  t'.e  work  of  .  .liner,  Shrlatenson  and  oeddoa, 
as  well  bo  I       itac  :ul,  particularly  In  evaluating  ths 
effect  of  c:  enionls  on  the  respiration  of  dasa?  wheat  and  their 
effect  on  tlio  oomarcial  quality  and  *"»»** ig  and  Billing  value 


10 


of  too  crnin* 


■:  ;;iauj  add  ar 


-  oooripti  J25  of  tr*  Wheat  Samples  01 


evoral  different  staples  of  u:*at  were  used  in  these 
studies*  Ml  first  roo.dr>a.»tor  trial  utilised  a  eonwrolal 

till  mix  of  indefinite  oorapositlon  fron  tiao  Senses  tnte  college 
still*  this  aa  i:<lc  of  .rein  Is  Identified  as  wheat  "A"  in  t:» 
I  MM  I  Ml  MM  M 

Ftw>  sereeniag  t'ae  cffeotlvenosa  of  vnrious  eoqeounds  as 

wld  inhibitors,  a  sample  of  001  (coaanoia^oroyrenHBrq.)  vm>ioty 
w  *«t  supplied  by  the  Kansas  Acricultural  Kaperlaent  Station 
at  ,'eys,  Kansas  was  used*  ?'da  w  «nt  appeared  to  be  quite 
cloan  and  free  fraea  foreign  material*  After  boiuc  passed  ones 
t  irengfi  the  exporlnontnl  clonnor  ot  Cnr»sa«  ntato  College,  it 
was  stored  at  50°  :'.   until  used*  It  will  bo  referred  to  in  the 
following  seotlons  of  t'.is  pnper  as  wont  "  . 

Tbs  work  dealing  with  tim  offoot  of  at<ylono  on  mture  end 
iaasturo  w  i««it  utilised  staples  taken  from  a  plot  of  Pawnee 
variety  of  the  1040  crop  crown  on  t!ie  Kansas  state  College 
AgroosBe/  Fern  at  'Manhattan,  aeginislag  in  t!»  early  stages  of 
filling,  a  few  beads  were  picked  aluost  daily  to  determine  the 
moisture  value  and  tfsue  follow  t;»  course  of  naturction*  Tills 
inf or-»tion#  together  with  oertsin  oeterlol clonl  data  for  the 


11 


period  covorod,  lo  riven  In  Table  !• 

£11  the  wheat  scoured  for  ethylona  studies  prior  to  the 
first  oosablne  harvest  on  June  84  wee  obtained  by  hand  pioking 
t  !©  deaired  aeaount  of  w  eot  heads*   lion  dean  kernels  only 
vers  required,  aa  for  the  semination  toato,  f  *  heads  sere 
land  t!  ires' '.ed  and  the  grain  dried  at  roan  te.iporaturo,  unless 
ut  erwioe  opacified.  The  Juno  10  liarvest  was  t:*res':»d  on  a 
snail  eaperioontol  t  iron  *:•  ct  f  »  Agronoojr  Hans*  Sables  of 
wioat  frao  the  June  18  : arveat  sill  bo  desisted  by  the  letter 
"C*  In  the  data  tables. 

The  sample  of  nature  wheat  taken  on  June  34  woe  -crvootod 
by  a  eonbine*  The  grain  was  put  through  the  ejqjoriaantnl  cleaner 
twice  to  rsewve  foreign  notorial  and  tai  was  stored  at  roam 
texsjereture  until  used*   heat  tn'.:on  froa  tills  lot  will  be  identi- 
fied by  the  letter  "»"• 

In  July,  a  large  S8,jple  of  Pawnee  seed  w  eat  crown  at  Clay 
tor,  rjansas  was  soourod  for  use  in  storage  studies  and  vnr- 
loua  of  or  experiaents*  This  v  eat  'iad  been  harvested  in  June 
of  1949  and  waa  clean  and  of  good  a  >pearanos«  T.*   letter  "F* 
will  identify  this  w-*»at  In  the  following  ParaGraphs. 

The  source  snd  description  of  the  wheat  sec iploo  used  in 
t  ewe  studios  is  rAwn  In  Table  2. 

Analytieal  net-nod* 

neruinaticm  percentages  were  detersslned  by  the  Seed  Labors- 
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Tnbla  2.     identification  and  description  or  v  »at  oa,jploo  used  In 
experloBnta  • 

dcaianattmf  ,  i  Iiarvoat  «    -'opcrlp^loo 

"A*  rollalnory  respiration      1940  Coaaareial  call  rOa, 

trlele  crop 

"B"  ^-eliiaiaary  respiration      1948 

trials  Bad 
fungistatic  o 

"C"  Rttryleno  studios 

"D"  BWyiena  StUdiM 

'  I"  UMbM  studies 


1948 
crop 

COT  grown  at           , 

.;.  ISM 

Juno  10, 
1349 

■MM     pMl  M 
;jaa;»ttan 

3am  ■■■', 

li>49 

townee  grown  at 
Sanhattan 

|MJ 

Psjium  groan  at 
Clay  Cantor^ 

MM 

14 


tory  of  t'so  %"m  ;sas     tcto  39erd  of  AErtoulturo  at  ?iaa>iattan»     ir 
t:»  seeds  wore  proc  dlled  before  gortiicxtiou,   it  is  ao  indicated 
in  t  :c  data  tn'ulos. 

wftwB*  nc'a,  BBltuso  end  freo  fatty  aelda  were  detemined 
in  aaeordanoe  with  the  procedure  aet  forth  in  Cereal  Laboratory 
Methods  (1947).        -oo  fatty  add  values  are  expressed  as  nllll- 
grans  of  potasalun  hydroxide  required  to  neutralise  t'»  welds 
in  100  g  dry  aattor* 

:«ily  aolstures  for  saapls*  taten  froa  the  field  of  natur- 
lng  Pawnee  wheat,  as  given  in  Table  1  and  elsew soro,  «ere  de- 
termined by  drying  the  w  ,olo  w  *jat  heads  r.t  150°  :;.  for  one  .<*>ur# 
itnless  ot  erwlse  opacified.     Moisture  detarulnations  on  other 
aa  plea  were  conduotod  in  accordance  with  the  prooedurea  out- 
lined in  Cereal  Laboratory  :ietivoda«     1 »  torn  "Moisture",  a:>on 
used  In  this  paper,  indicates  a  noisture  percentage  determined 
by  the  one  stage  oven  method,  and  the  tern  "two.etage  nolstura" 
indicates  a  noiatura  percentage  detemined  by  the  two-st*0» 
oven  aethod,     Results  uee  expressed  aa  percentage  of  sample  and 

liarinograph  tests  were  aada  in  accordsno*  with  the  asthoda 
suggested  by  to  rmbondor  Corporation* 

Sajdng  teats  wore  perfonaod  on  t.so  et  -/luna— treated  wheat 
ising  a  apongs  proeedtire  and  tho  following  forswlot 
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700  g  flour  {as-ic  ;oais) 
14  g  salt 
35  £  sucrose 
14  g  yenct 
21  g  shortening 
r«Jtlng  tests  on  the  wheat  used  for  storage  studies  wore  conducted 
in  accordance  with  a  straight  dough  procedure*  The  following 
formulae  wore  uaed  for  this  group  of  testat 
Basic  foroulat 

100  g  flour 
S  g  yeast 

- 
C  g  aalt 
S  g  ahortoninf, 
0*8  g  aaltod  w'loat  flour 
brunate*  forcule  eonsiated  of  t:*»  boaio  for       o  0,5  g 
Arkady,  and  the  "rich"  forcula  eonsiated  of  t:»  basic  faruula 
plus  0.0  g  Arkady  and  3  g  dry  r-dlk  solids*  Me)  absorption  per- 
centage listed  in  the  data  tablea  indloetea  tho  weight  of  water 
uaed  in  oaob  mix  expraaaod  as  poroentage  of  t"  <o  flour  on  an 
aa-la  boals. 


aesplraootor 


o  apperatue  used  for  raaplration  studies  on  wheat  la 
siollar  to  that  described  by  Minor  and  Oeddas  (1045).  Tbs 
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sejsploe  of  grain  are  t*ld  in  a  f  ier  »otatod  both  at  30°    '•  and 

aorotod  wit!)  appraxli  mtely  two  litem  por  day  of  et&saplierio 

air  «hleh    md  boon  passed  through  «  soda-lino  tower  and  a  oalalua 

>;*ldo  drying  tube,     Ho  attempt  was  uede  to  Tioliteln  t:» 
lnoonlng  air  at  a  relative  iaeilOIty  In  o^ulllbriun  with  the 

.-ture  oontant  of  tlie  w}»at  alneo  experience  shewed  t!«t  tie 
rankin  lost  vary  little,  If  any,  of  ita  taolature  during  t!»  few 
days  it  nes  under  study*    carbon  dioxide  and  oxygen  percentages 
wore  determined  by  assns  of  a  modified  naldans- Henderson  f.-aa 
analysis  apparatuo*    The  samples  were   laintalnsd  In  Has  respiro- 
aetor  for  varying  periods*  fete  duration  of  which  woo  dependent 
upon  the  possibility  of  furt'<ar  lnforiaatlon  being  secured  fron 
continued  deteralnatlons.     Values  i'ov  carbon  dioxide  voluao  were 
converted  to  epproxiuauoly  standard  teapereture  and  pressure  by 
nultl;.>lying  fete  raw  values  by  the  factor  0.0Q» 

flteet  ens  conditioned  to  t.*  soisturs  oontonts  required  by 
plaelng  tiie  wbeet  in  a  large  tin  can,  adding  the  neoossery 
aaount  of  eater*  shaking  tiwroughly  and  febsn  storing  overnight 
at  roon  temperature* 

Preliminary  Worsening  vests  for  Hold  Inhibitors 


I'roliiiinory  sereenlng  teats  to  indicate  the  probable  of- 
fleionoy  of   iold  in'ilbltiag  eotapounds  sere  perf oraed  in  tho 
fallowing  manner.     Mtffee  grams  of  w'xtat  at  about  SO  per  cent 
uoiature  sere  plaoed  in  o  .all  ccree-oapped  glass  bottles  and 
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treated  with  approxi  nvtol.  0.1  co  af  tlio  liquid  ohsuioala  and 
of  0*1  g  of  t:»  sol'        '.:..    .o  tottloa  were  ttmti   sealed 
and  vigorously  n;itatod*  They  wop©  storod  at  room  temperature 
and  examined  often  for  visual  evidences  of  oold  ivaatlu       fter 
two  weeks  the  bottles  were  opened  and  the  oontents  air-dried  at 
roan  to  iporsturo*  rsaples  Iron  eaeh  bottle  were  submitted  for 
gerniantian  tests  and  the  rest  of  the  contents  were  used  for 
testa*  one  or  aara  control  bottlee  of  untreated  wheat 
included  aa  controls  in  eaeh  aertee* 


:  ot:.od  for  aeterainiag  t  *>  Toxicity  of 
Propylene  Oxide  to  :»at 


The  tests  to  detornino  tha  toxicity  of  propylene  oxide  to 
w.oDt  wore  performed  by  piecing  a  100-g  so  .  la  of  wheat  in  a 
tin  can  with  a  tight  friction  lid,  adding  the  required  aoouat 

-ir-deai,  orltating  thoroughly*  and  storing  at  room  tempera- 
ture* renplea  were  wit:xlrawn  at  oonvenient  tiaaa  for  germina- 
tion  tests* 

Largo-«oale  rtora:e  Testa 

storage  toots  utilised  aanplos  of  wheat  atored  in  on* 
gallon  loss  Jara  rrlth  screw  caps*  After  conditioning  to  t:* 
ro'i'xirod  oolsture  content,  tie  wheat  was  placed  in  a  blender 
and  t:<e  o  loaioal  was  added  to  it*  After  thorough  nixing  the 
grain  was  pleood  in  four  glass  jara  which  were  ten  stored  at 
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room  twopereture.  The  Jar  caps  wore  provided  with  a  soall  ,ole, 
ordinarily  dosed  with  a  rubber  stopper,  t  trough  which  a  close 
tuba  ooulu  be  inserted  to  aoreto  the  contents  with  oxygen  or 
nitrogen*  Aeration  with  t:<e  appropriate  gas  vae  porfortaed  onoe 
each  week*  Sufficient  gee  waa  used  to  flush  thoroughly  the  old 
ataeaphere  frora  the  Jar* 

At  four  week  Intervals,  one  Jar  fron  Mgh  set  was  rouoved 
ana  tho  contanta  subjected  t->  teota  for  rwisture,  fat  acidity 
and  gemination*  A  aaaple  of  the  wheat  waa  aant  to  tha  i'roduo- 
tion  and  tjarkotlng  Adalnletratljn  of  the  united  "totoa  eport- 
r»nt       culture  at  ancao  .:ity,  Uiaoouri*  for  oarworolal 
grading*  After  being  examined  for  appearance  and  odor,  the  :<o- 
nainlng  portion  of  the  about  was  allied  on  a  Buhler  oxperiuantal 
«U1. 

A  aaaple  of  the  flour  obtained  from  t'so  tallied  vxsat  was 
tasted  on  the  farlnogxwph  and  the  absorption  and  volorioetor 
values  tiata   scoured  wero  noted*  After  noting  the  odor  of  tin 
flour,  it  was  baked  Into  breed  using  a  straight  dough  pup  loaf 
procedure  and  Mat  formulas  wnioh  hove  been  Hated  previously* 
The  volute*  and  walglit  of  tho  loavoa  obtalnod  ma  oeaaurod*  and 
froa  these  figures  t;»  specific  volue»  waa  calculated  using  tha 
staple  fonaolat  loaf  voluoe  «j  loaf  wolgbt  »  a;x>clfio  volute* 
t:»  external  appearance  of  the  loaves  was  graded  relative  to 
fcM  other  loavoa  in  the  ease*  balsa  with  special  attention  belnc 
paid  to  the  break  and  esred,  and  tho  color,  contour,  also,  and 
syanetry  of  the  loaves*  After  cutting,  tl»  internal  olmraotaw 
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of  t:»  loevos  *a*  graded  for  jjpaln  and  torture  on  an  arbitrarily 
fixed  absolute  scale,  and  the  odor  and  color  woihj  oot<  . 

Except  where  otherwise  noted*  the  nixturee  of  of.  clone  On 
air  were  n»de  by  drawing  the  undiluted  ethylene  Into  a  displace- 
ment bottle  first  end  subsequently  drawing  in  sufficient  elr  to 
provide  the  proper  dilution* 


- 

•■*  -.ffltm  <f  ■ftjnfflifflffl'  cm  f.»e  nseml»|»tlon  of  laBatutj* 
leads.    The  purpose  of  title  experiment  was  to  study  the 
Influence  of  ot.iylone  on  f»  respiration  of  lmsture  tf»le 
eeds  of  wheat.    A  quantity  of  wiieet  heeds  et  about  40  per  oont 
moisture  and  In  Mm  early  dough  stage  of  developna-it  was  Jim— 
vested  June  a,  1043.    About  60  g  «»»>  pleoed  In  each  of  six 
different    rlenoeycr  flasks,    Tiro  of  the  flasks  received  no 
fnrtliar  treataont  end  served  r.o  controls,      .'hey  were  placed  in 

-osnlvooeter  lonedlatr.     .        m  second  sot  of  two  vera 
flushed  with  an  excess  of  ethylene  w"  :«er.  diluted  S00 

tines  with  air.  7; woe  bottles  aero  t.'»n  sealed  and  stored  et 
roon  tenpereture  for  £4  hours  and  then  placed  In  ths  rospiro* 
:»tor# 

Ird  set  of  two  flasks  was  flushed  wif  i  an  oncoaa  of 
purs  cfc  r/lono  and  israodiatoly  placed  in  '..<.>.  b to;.-. 
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passing  Into  t:-iese  eoateii;«:>o  was  first  bubblod  tlnrough 
fc  at  :»4  b«»n  sat-u-ated  with  ethylene. 

Kb*  c;iu  of  six  (leys  one  neater  of  Mob  sot  waa  re  x>v©d 
fron  tl»  veepiree»tcr  and  examined*     All  to  flasks  contacted 
abundant  free  aoiature*     Sane  of  t:»  wheat  !io*do  ware  oo.  nlotoly 
ourafd  with  nold  while  others  iron  the  bomb  flask  appeared  to 
be  oliioot  r.-oo  or    sold.    There  was  no  essential  differenee  la 
t;«  appearanoe  of  the  different  sa  .  'lea.    These  senples  were 
then  diaoarded  without  further  testlno 

On  tso  to  ©  remaining  senples  were  renoved  frun 

t so  flasks  end  oxaaiiiod.     IJroplots  or  water  oovorod  fclie  side* 
of  the  flask  and  t;»  v.hoat  neada  vera  covered  with  sold.     ;joia- 
ture  content  was  <ietoml:ied  by  the  fcwo-ato;-e  oven  nstho.:. 
senples  were  then  dried,  ground  end  tested  for  free  fat  acidity. 
Respiration  and  other  data  obtained  in  this  oxpcrlaant  are 
presented  In  Table  3  ai*J    ls>  1. 

Deference  to  ?eblc  S  avid  Ftfji  1  Indicate  that  nil  of  the 
saplee  roopirod  nt  an  sxtretiely  al£h  rate,     tble  wee  undo-bted- 

tam§  at  least  In  pert,  very  !ilgt  uolsture  content  of 

t  *  on  .plea. 

The  sa  spies  treated  with  ethylene  aac'sib*  tod  hlnher  Eswrttasi 
rates  of  re  a. >I  rati  on  then  the  untreated  an  r;:lo.     This  lnereaas 
is  oo-1'virr.tively  a.icll,  and  in  view  of  the  heterogeneous  nature 

a,  it  sen  net  be  considered  si^tifioent.     '■:  *ro- 
fore,  it  een  be  said  that  ethylene  apparently  l:as  no  effect  on 
ration  of  frosh  lissiture  tmoIo  :*ads  a?  v  oat. 


at 
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V— V        NO  TREATMENT 

j X        PRELIMINARY   ETHYLENE    TREATMENT 

O  —  O        CONTINUOUS    ETHYLENE    TREATMENT 


TIME  ,  DAYS 


Fig.  1.   Influence  of  ethylene  on  fresh  wheat  heads 
in  dough  stage. 


purpose  of  t'  .la  experiaent  ins  to  obno.  *ve  t  a  oiToct.  lene 

on  respiration  and  oanrmlatod  ebsngss  In  imeture  twsiad  u  :oet. 

first  ssople  of  lariat  ure  grain  for  this  oxporiuent  wes 
harvuatod  by  :•*»!  act  June  14,  ;;raln  hod  a  taotsturs 

contont  of  43  pop  oont.    Ml  icemols  were  ro.-savod  froa  t'»  heads 
by  liand  thrashing*    "Sbose  grains  which  wore  subnittod  fop  cPrsuV 
nation  teats  bad  been  dried  at  about  41°  Be  tm  two  days  sad 
this  unioubtodly  accounts  far  the  reported  low  valuos  of  94  por 
cent  by  tbe  regular  nethad  and  SB  per  cent  by  the  perohllled 
■Mtaj 

About  SO  g  of  tbe  dsap  grains  were  placed  In  each  of  three 
:.rientaoyer  flaeUa.    one  of  the  sarnies  was  placed  in  the  roapiro- 
neter  lsnediately  without  furtJier  treatment  and  acted  as  s 
control.    Tbe  eeoond  ea  pie  was  flushed  with  an  exosss  of  ethyl* 
ene  diluted  H500  with  air,  t  ioa  It  waa  sealed  and  stored  for 
84  iwure  st  rooca  toraporature  before  being  plaeed  In  the  roo.ilro- 
aetsr*    The  third  aauple  wsa  flus  ed  with  so  exooss  of  pure 
ethylone  sad  plaeed  in  tho  rssplronetor  ot  onoo.    Air  passing 
into  the  titird  bottle  was  first  bubbled  through  water  f»t    ad 
been  saturated  with  ethylene* 

cause  of  tlie  war  uspirntlon  rato  of  this  oot  of 

staples,  t'»  fleslca  ware  rsaoved  frosi  the  reopironeter  only 
few  days  after  treat  »nt.     The  Isarosla  ware  found  to  be  ratted 
toget'  er  with  green  and  white    told  and  gsvs  off  a  strong  soetio 
or  eator»liJ»  odor*     I  portion  of  onai  at 
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tested  far  free  fat  acidity  and  a  two-ofcaj-jo  rsoiaturo  determina- 
tion waa  run  an  t" *  reminder*  The  data  obtained  are  given  In 
Table  4. 

Haferenoe  to  Table  4  '.   ulicatoe  t:  nt  thera  wea  no  atgtlf leant 
respiration  chnntje  result!;  ig  fron  treetiaent  with  ethylene, 
was  a  considerable  difference  in  t:»  free  fat  acidity,  fit:-,  an 
increase  bain;;  observed  In  connection  with  increasing  oonocn- 
tratiana  or  et'.iylono* 

.1  t:»  wheat  in  the  field  had  roachod  a  uolsturo  content 
of  23.2  par  cent,  another  sanple  waa  harvested  and  then  threshed 
on  a  snail  msahantoal  thraaher.  Bather  drastic  treataant  waa 
neeeaaarjr  to  separata  the  chaff  fron  the  grain*  and  this  roault- 
ad  In  a  fairly  'ilgh  psreantage  of  daaaged  kernels.  Tula  undoubt- 
edly aoeounta  for  the  relatively  low  values  reported  for  c*rol- 
natlon  of  the  air-dried  grain*  The  nomination  waa  87  par  cant 
by  the  regular  ^othxi  and  88  par  sent  by  the  proc:.&llod  sethod* 

It  waa  thought  advisable  to  use  a  iwld  inhibitor  with  ecus 
of  thasa  eanplea  In  order  to  observe,  if  poaaibla,  t'»  respira- 
tion of  the  wheat  uaoonpllcated  by  the  additional  carbon  dioxide 
production  of  the  proliferating  aside*  fo  tola  end,  t.!iio- 
aartsMlrte  waa  Introduaed  into  osjb  of  the  aaipXoa.  This 
had  been  found  to  depress  oonsiderably  oold  growth  on  uolot 
wheat  wit' .out  appreciably  affecting  t'jc  {^rsLlnBtion* 

sexaplea  of  this  wjiaat  war*  weighed  1  an- 
sasyar  flasks  on  the  same  day  t:v:t  it  was  harvested.  The  first 
flask  waa  placed  in  t:.»  reepironotcr  a*  onoe  without  fort  or 
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treatment  and  acted  co  a  control.     >o»  gran  of  finely  powdered 
.oarbanddo  was  added  to  the  seeond  nook*  the  content*  were 
raised  tfxwoughly.  and  t:  .*>  flask  was  placed  in  the  *<os  iros.iotor, 
Ona  gna  of  t'  d oearbsjaiae  wae  added  to  %tm  t'lird  flusisv  wnleh 
cms  then  flus  «d  With  an  axcosn  of  a  liSOQ  ethylene  In  air  rut*- 
txare  and  set  aaida  far  one  day* 

reople  IV  was  placed  into  ti»  reapirorsetor  at  onee  without 
fart  tor  treatment,     After  five  days  it  was  reiaovod  fron  the 
reeplronoter,  flus  lod  with  ethylene  in  air;  1:600  :alitturo»  not 
aaida  for  one  day,  a; id  then  replaced  in  the  roopiromtei". 

Seapl*  7  wan  flushed  with  an  oleosa  of  undilutod  ethylene 
and  tarn  plaood  in  the  resplroaeter*     Air  passing  into  this 
awniln  was  firat  bubbled  t hrough  water  saturated  with  ot  tylos*. 

After  10  days,  aaraoles  vera  retaovod  froa  the  raspJroraeter 
and  examined*    The  teo-etano  i»isturo  values  vara  dotoroined, 
and  then  the  remainder  of  the  grain  was  air-dried.    Dry  kernels 
wore  submitted  for  gemination  end  tho  remainder  ground  and 
tooted  for  free  fat  acidity.     Ho  difference  in  the  gross  appear- 
ance of  the  various  eaaples  was  noted.     5»ta  of  this  experlaen* 
ere  presented  in  Table  0, 

Deference  to  Table  G  indicates  that  a  deereeos  in  respira- 
tion and  free  fat  acidity  and  an  ineronee  in  gernlaation  result- 
ed frota  the  use  of  t:  JLocerbauldo*     Thus  the  efficacy  of  ' 
substance  as  a  aold  inhibitor  for  dasjp  wheat  is  again  oonfiroed* 

In  t'so  control  sample,  and  in  all  ssaples  treated  « 
lens  t'ere  was  an  increase  in  t  jo  germination  as  determined 
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Irj   the  vn&ilDr  Method  and  a  decroaae  in  the  eerniaatlaa  a« 
uotor  duod  by  the  prochlilotl  aothode  in  ooijpnrloon  with  the 
vnluos  obtained  fop  the  original  wtisat.  lata  obnorvation 
not  bo  accounted  for  by  t:*»  operation  or  any  known  factor, 
'oeaibly  the  ~»ld  groot::  stimulated  some  of  the  eabryoa  with  a 
reeultwit  effoct  elnllar  to  nroonllllng  and  killed  sooo  of  the 
•  .-      ■.. 

"ot:i  the  t! 'tlooapbaulJa-troatod  ectopias  a:  coed  practically 
t'ie  eauo  respiration  rotoa,  w'dle  t  <e  othyleno-trontod  oa^les 
without  thioasrbaaldo  rrwwod  fairly  ale'-1,  rates,   •'osnibly  t:» 
ot  yleno  stlauletss  ffisld  growth  slig'.tly  but  does  not  etiaulats 
the  respiration  duo  to  the  aoed  uotabollau,  although  It  is 
acre  likely  that  t::m  varying  respiration  rates  wore  only  a 
reflection  of  ttio  difforont  oolsturo  contents  of  the  samples* 

tearlsnc  ^asfeaaut  an  **■*"*•,  Whsat.  OH  Juno 
C4»  l.T40»  whan  the  moisture  of  the  wheat  In  the  esperiBWeital 
plot  had  been  estimated  to  be  spproglaately  14  per  cent,  aeveral 
bus'sels  ware  harvested  by  a  a  sail  owiblne.  -iis  is  tho  saiplo 
"9*  captioned  previous!;  . 

A  quantity  of  this  w  *>nt  was  placed  in  a  93  liter  druo. 
:-ty-thr*e  sal  of  pure  ethylene  nave  run  into  the  drua  which 
was  than  haraotiaelly  sealed.  ?ho  grain  was  aheken  thoroughly. 

I  provided  a  dilution  of  ethylene  with  air  In  the  ratio  of 
1 J 1000. 

A  quantity  of  untreated  wheat  froo  the  original  stt.plo  was 
brought  to  about  1  paw  cent  i.Tolotnro  by  the  addition  of  die* 


tilled  water  one  day  after  harvest!.- 1(>  About  C4  hours  later 
enough  -we  ethylene  was  introduced  Into  t'm  container  to  laelaa 
a  lilOOO  laixtui-o  with  the  air  present*  This  wheat  woe  stored 
at  50°  '.  Raw  two  days  before  being  placed  in  the  reepirouoter. 

A  quantity  of  both  the  unwottod  cthylmo-troated  wheat  end 

iry  untreatod  wltost  were  brought  to  19  per  cent  aoiature 
by  the  addition  of  distilled  wator.  T!»ee  secplea  were  stored 
at  00°  Pt  overnight* 

On  Juno  20*  1940,  300  g  obo'i  of  the  dry  untreated  o  *mt  end 
ths  dry  ot.  lylene-traatod  wl»at  were  plaood  in  the  reaplroaotor* 
•no  tjundrod-gran  ssoples  of  the  wetted  untreated  w:  oet,  the 
wotted  et'.xylono-troeted  wheat  and  ti»  ethyleno>»troated  wetted 
wheat  were  pleoed  in  tlw  roapirotaotor  at  the  aaoo  tl  », 

On  the  tenth  day  the  two  dry  wheat  eeaplee  were  reaoved 
from  the  respirorjoter*  essoined  end  subnlttod  to  various  toato. 
After  a  total  of  14  days  the  roaeinins  semples  were  treated 
similar^  . 

Data  of  this  experiment  are  praaented  '.  .   I  and  Table 

C.  !t»  respiration  rote  a  of  the  wheat  eeaplee  at  14  per  eon* 
»isturo  are  not  shown  on  t.*  graph  beesnse  of  the  insigplf leant 
auount  of  carbon  dioxide  respired* 

itorenoo  to  ?ebla  0  end  Pig.  S  indicator!  tint  a  .roatly 
ineressed  rosplretlan  rate  resulted  froa  an  ineresse  of  a  few 
por  cent  in  the  noisture  eenteut  and  that  this  inereaeo  was 
aeeoBpen&ed  by  a  lowered  cerralnatlon*  a  hleher  freo  fat  ecidlty 
value*  and  en  increase  in  the  noisture  content* 
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Fig.  2,  The  effect  of  ethylene  on  mature  wheat. 
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offoet  attrib.;tuble  to  ethylene  treatment  m  observed. 

The  ^fttat  of  iS-mljjffi  jh  Dried  and  flsgafefead  Hheat*    The 
purpose  or  tui»  ejeperiiaont  trae  to  study  tlse  affect  of  etiylaae 
on  dry  nature  wheat  and  on  dried  iaasture  wheat  which  :  ad  been 
conditioned  to  a  fairly  high  moisture  content  after  betas 
•tored  for  sous  ti  »  at  a  loo  nolstnsra  content. 

lauature  wheat  "C  *:da'i  had  been  dried  to  about  1S.S  por 
sent  roisture  by  exposing  it  in  a  thin  layer  to  the  air,  and 
whiah  had  been  stored  for  several  weeks  at  the  lower  aolsture 
oontent  and  at  rooa  temperature  eea  conditioned  to  about  86 
per  cent  ooieture.    She  eondltioned  w  eat  una  stored  at  rooa 
fcespomturu  for  two  days  before  it  was  plaeed  in  t:»  rospiro- 
satter*    This  sau.Oe  will  bo  designated  "C1BT"  in  this  diaouaoion. 

Fart  of  the  ebewe iasntl oned  conditioned  wheat  was  treated 
with  a  nixture  of  ethylene  in  air  ItSOO  for  72  hours*     TMi 
•entile  will  be  designated  "ciflfB"  in  ths  diaouaslon* 

aaaw  of  the  tf*at  saople  "C"  'ad  been  dried  to  about  IS 
per  cent   Moisture  soon  after    ksrwaattag  and  then  treated  with 
ethylene  in  air*  ItlOOO  fixture*  for  several  days*     A  Battle  of 
this  wheat  was  now  conditioned  to  about  SO  par  oent  nolsturo 
and  stored  at  50°  F.  for  three  days*    tttta  oa  iplo  will  be  dosic- 
netc  "• 

Ons  hundred-gnu  portions  of  t}iese  eanples  were  placed  in 
the  reepiroaotor  end  the  respiration  rates  were  observed  for  IS 
days*    The  results  of  this  expariaent  are  given  in  rig*  S  end 


ToM*  7.  *tf Coot       lone  an  dried  and  revetted  la .aturo 

wheat.  (10  sraan  saaploe  "C"  w "iont;  trial  conducted 
for  15  days*) 
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Pig.  3.  Effect  of  ethylene  on  dried  and  rewetted  immature 
wheat. 


■ooultD  of  thin  oxi^rlaesit  Indicate  that  ti*>  biolOg* 
loal  ohexigea  widen  wi«oat  uudereoes  »:»-*  it  is  cu-lod  and  tiaan 
daapanad  do  not  affect  ita  look  of  ne:;sltivlty  to  ethylene* 
Bo  differences  soro  observed  in  the  respiration  ratoa  which 
could  not  be  attributed  to  factors  otw  t:*n  ethylene  treat- 
neat*  It  la  believed  that  t' a   cllf£oro;ioo  In  noiafcure  content 
la  sufficient  to  account  for  the  relatively  low  reep'i*otion  ob» 
served  for  witoat  BC1UJ?"  since  the  other  et'iylono-trontod  eas^lo 
:iad  a  respiration  rat*  practioelly  identical  to  tiast  of  t:*i 
untreated  w'asat. 

It  was  alao  deened  advisable  to  study  the  effect  of  ot:syl- 
one  on  nature  wheat  whloh  had  been  uarvectod  at  a  nomally  low 

tent  and  than  conditioned  to  a  higher  Moisture 
content  after  sera*  weeks  In  storage*  *D"  wheat  wee  need  In 
this  exportaeat,  » ilea  wea  essentially  a  repetition  of  i  art  XV 
of  fills  aeries* 

Twenty  al  of  water  were  added  to  300  g  of  "D*  wheat  to 
Bring  It  to  about  80  per  cent  moisture*  SUta  was  stored  at 
50°  re  for  two  days*  and  then  100  q  were  placed  In  tl»e  rospiro- 
ooter*  The  nark  *3»B"  Identifies  Kits  saqple* 

After  the  "D"  wheat  whleh  had  been  brought  to  SO  per  cent 
moisture  hwi  been  stored  for  one  day  at  50°  :'.,  100  g  wore  re- 
moved and  treated  with  five  co  of  pure  ethylene  gas*  thie  w?»at 
ess  then  stored  for  one  aoro  day  at  60°  r.  before  being  placed 
in  tic  rosplrooeter*  This  nu.jple  Is  to  be  designated  "ICES"* 
r.  sod  three-tent'*  eft  of  distilled  water  were  added  to 


a  33.7  6  samplo  of  the  "D"  wheat  Wileh  had  been  treated  with 
'.one  wills  It  wo  still  dry  —»  soon  after  Mirvest.  ~ila 

sattple  bu  ItMB  stored  for  on*  day  at  S0°  .'•  before  being  placed 
0   nwpirunoter*  The  designation  "■.eat*'  identifies  this) 

These  ea.*leo  were  left  la  the  respiroaiter  fop  15  days. 
The  results  of  this  esporlaent  are  given  in  Table  3  and  rig.  4* 

ReXtarenoe  to  Table  3  and  Pig.  4  indicates  that  the  wheat 
was  treatod  with  ethylene  after  it  was  rulstened  had  a 
«r  anxitjuta  rata  of  respiration  and  that  its  respiration 
rate  decreased  nueU  rta-o  slowly  afta*  t*  peak  had  been  readied. 
It  Is  difficult  to  ascribe  this  effect  to  any  factor  besides, 
the  ethylene  treatment  sinoe  the  .wioture  differenoes  here  were 
quite  snail,   owovor,  corresponding  differenoes  were  not 
observed  for  the  eeaplos  studied  in  art  XII  of  this  series 
of  exportiaents.  in  view  of  this  apparent  contradiction,  no 
definite  ooricljsione  can  bo  drnvm. 

... IsbUsMP  *i*«  "- 

laont  was  carried  out  0s*  the  purpose  of  observing  any  1:  proving 
effeet  which  ethylene  might  have  on  flour  alllod  froa  newly 
harvested  wlieat, 

A  staple  of  the  "0"  wheat  previously  described  was  dried, 
stored  for  e  few  weeJm*  then  tempered  end  allied  into  flour. 
thylene  treat.  *»it  was  applied  due  to  ti»  United  ample 
available.  This  flour  was  used  in  this  eatporiawnt  in  order  that 

idea  of  the  effect  of  the  naturally  occurring  maturation 
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Tablo  Q* 

ffoct  or  ot-r/teae  on  dried  and  roiaottod  w?»at. 
(100  srmat  trial  conducted  far  lii  days.) 

I 

nataplo          : 
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Pig.  4.  Effect  of  ethylene  on  dried  and  rewetted  wheat. 
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of  the  wheat  on  the  roau-.ttuit  flour  oouU  be  obtained  by 
parlric  it  wi.t  i  the  flour  described  bolow, 

A  oaolo  of  "D"  vlTttat  was  teaporod  and  sallied,     a  two  kg 
saplo  of  t>JLa  flour  was  placed  In  a  snail  exporloontal  bleaehor 
•and  acltated  for  aovoral  :olnutoa  with  two  liters  of  tjura  otiiyl- 
on««     'nuttier  sanplo  of  the  sowo  flour  waa  treated  In  the  mam 
way  with  aovoral  litem  of  a  nixturs  of  etJiyleno  diluted  with 
100  parts  of  air. 

Pound  loaves  were  bated  from  each  of  the  above  aoaploo  of 
flour*     In  addition  loavea  were  baked  fron  the  flour  nilled 
froEi  "B"  wheat  plus  potaaeiua  brotaate  In  order  to  observe  the 
flour* a  response  to  oxidation* 

Tiie  following  fomua  was  used  for  the  breodt 
700  q  flour 
55  g  sugar 
14  g  salt 
81  c  B;«rtenlng 
14  |  yeast 

/baorptton,  57  per  con* 
The  weight  and  volun*  of  the  loaves  wore  dotorained  and 
they  wore  scored  for  broak  and  shred,  ©pain,  oolor  and  toidsuro. 
Results  of  this  experirjont  are  given  in  Table  9* 

reference  to  Tabic       1  lUlcatcs  fast  Ms)  flour  aillod  fron 
wheat  harvested  at  25*5  per  ©oat  oolature  c"vo  loavea  with 
bettor  valises  than  flour  fron  grain  harvested  a  week  later. 
Potasslua  braante  ia^woved  the  vol;no  and  texture  of  tho  loaves 
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to  wfiloh  it  was  added*  ..t  .ylone  apparently  had  no  of  foot  what- 
soever on  the  loaf  c'lfu-nctoristioe* 


Znflusace  of  :arbaa  ?efcitie  aorido  on 
Ion  and  corulnntion 


ao  carbon  totraoiaorido  la  a  widely  used 
stituent  of  r*nt  ruaigaata,  and  In  vie*  of  the  raeulta  obtained 
by  Lernour  «t  ol.  In  tno  previously  uontionod  Investigations, 
it  was  deeued  to  be  adviaable  to  study  fell*  influence  of  this 
oitstaioal  on  t;»  respiration  and  semination  of  wi»at  of  J.&. 
"loiaturo  content* 

fix  300-g  aaiiuloa  of  wheat  "A",  conditioned  to  13.S  por 
cent  moisture  wore  placed  In  500  eH   >ler*aeyer  flasks.  Various 
anounts  of  carbon  tetreoiilorlde  ware  added  to  the  flasks  and 
t-va  wieat  and  oianaieel  wore  thorouc JLy  nixed*  The  flasks  were 
lasediately  plaoed  in  tits  respiraaatsr  and  aerstioa  boL:an.  one 
eenple  wan  prorided  with  continuous  carbon  totroo:  doridc  vn-por 
treatment  by  passing  tin  inoaulne  air  through  liquid  oarbon 
tetrachloride*  Tests  a:  weed  t.nt,  under  t:je  conditions  used 
la  these  experiaents*  about  2  g  of  oarbon  totrao  JLoriao  vapor 
9vr9  applied  to  the  gtein  each  day* 

This  respiroMoter  trial  was  carried  out  for  10  days*   :o- 
eulte  of  tills  experiment  ere  presented  in  Table  10  end  H§»   G. 

BUreronee  to  "ablo  10  a     .  •  indloates  t:*t,  under 
ordinary  conditions*  carbon  totroo:  iloritio  is  an  effootive 
funnlstatle  agent  for  danp  wheat  only  if  cooperatively  large 
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Fig.  5.  Inhibition  of  respiration  by  carbon  tetrachloride. 


aa>unta  ere  used*  A  significant  locroaae  in  germination  oo- 
o-irred  la  all  sables  of  witaet.  oven  la  thooe  ssliieh  Old  not 
respire  raoidly,  indicating  tiait  a  cortoln  lose  In  value  of 
add  nljoot  nay  ooc.a-  If  it  ia  treated  with  this  clwaioa:.. 
worls  of  rasssrlnl  (1332)  la  of  iato:*est  in  tide  connection. 

found  thnt  a  aiiort  iaaeraion  of  dry  wheat  in  carbon  tetra- 
chloride tieooloratea  gemination  and  that  «Mt  leap*  lstaaraed 
in  oarbon  tetrad  »loride  for  10  wmttm  cawainatad  four  par  ©ant. 
The  experlijent  bob  rapeatad  tialng  the  sens  prooodure  with 
"D"  wheat  aa.jplos.  VMa  ropotition  waa  tiou^ht  to  be  advisable 
baeaoao  of  the  \xaiavma  ootqpoaitlon  and  variety  of  Ik*  w»ot 
previously  uood  and  because  of  lta  low  geralnation  paroentaGO. 
acaotly  the  aaae  prooedure  woo  followed  aa  In  the  other  exporl- 
taant  except  t.'iat  fie  trial  waa  continued  for  14  doya.  Hewulte 
are  given  in  Table  11. 

.'ieferanoe  to  Table  U  indloates  that  raaplration  f icuroe 
aonewbat  analogous  to  thoae  obtained  in  the  provioua  ex;*»rl- 
ioant  ware  again  obaorved.  iowevor#  ninor  but  significant  dlf- 
farenoea  were  apparent*  'The  rawlousa  respiration  attained  by 
t!»  COJ  w'«at  waa  loaa  than  one-half  that  of  the  otijer  ■apple. 
?hla  oould  be  accounted  for  by  t:»  difference  in  aoundneae  of 
V*   tse  wheats.  Another  point  of  dlfferanee  waa  t'.»  decreas- 
ing raaplration  which  was  obaorved  during  aavaral  daya  at  the 
bogianine  of  |M  trial  in  those  eaoplea  treated  with  fixed  doa- 
agea  of  oarbon  tetrachloride.  Thia  aaty  indleata  a  depressive 
offaot  on  ti»  reaplration  of  t:«  aeed  itself,  such  aa  was  ob- 


nerved  by  Lmcmomt  et  al.  A  rajor  point  of  differenee  between 
the  results  of  t!*  two  exporirjsnts  is  t»  !sie;»r  respiration 
observed  in  this  trial  with  continuous  oarbon  tetreolilorlde 
troat'»nt  then  with  treatnent  with  fixed  dosages* 

ROt  flash  damge  to  viisat  yerEiination  b  oarbon  totreo  Oarlde 
fcrentasnt  Is  indlested  by  t-ao  results  of  this  experiment.  The 
loss  in  gemination  was  only  four  per  oont  for  that  senile  under 
Va   continuous  vapor  troatuont,  and  a  ranch  larger  loss  attrib- 
utable to  side  of  foots  of  Vno  aold  growth  nsy  be  noted  in  t  « 
control  oa. B>le  and  in  t'»  sanies  treated  with  t>»  Basilar 
of  oarbon  tetrachloride. 

The  third  experiment  was  instituted  to  detornine  kM  of- 
feot  of  carbon  tetrachloride  on  the  gorainatloo  and  respiration 
of  wheat  of  various  nolsturs  contorts*  """  wheat  seniles  of 
various  weights  and  of  various  vjoisture  contents  were  used  in 
t;iis  sxperbsnab*  The  ssaples  at  19  per  oant  end  at  23  per  cent 
noisturs  vers  provided  with  eontinuoua  oarbon  tetrachloride 
vapor  trestnont,  walls  seuv>los  at  11  por  oent  and  at  13  par 
seat  nolature  wore  observed  both  with  and  without  vapor  treot- 
sasnt.  The  date  of  tide  experlasnt  appear  in  Table  IS  and  Fig* 
6. 

'•sronoe  to  Table  IS  and  Flo  C  indicates  that  oarbon 
totrao:aoride  taept  the  respiration  values  wit: sin  safe  1*.  sits 
and  had  little  deleterious  effect  on  the  Qorainatlos*  Bespirn- 
tion  values  obtained  for  t'.jo  wheat  at  U  por  oant  and  at  13 
per  oent  aotsture  were  very  low  and  it,  was  not  considered  de- 
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Pig.  6.   Inhibition  of  respiration  by  carbon 
tetrachloride. 


b ii*c bio  to  Include  t:,«u  la  the  graph. 

At  this  point*  It  soaned  advisable  to  c  anduot  another  o»» 
porl:io:it  to  ex  to:  si  the  nuobor  of  :»Iotuj»©  percentages  for  wiiioh 
respiration  values  were  available  end  to  oonf im  the  results 
obtained  In  the  preceding  axpevtaant.      in  end,  tsrso  sets 
of  two  sanplos  each  of  *D"  wheat  conditioned  to  various  aolsturo 
contents  vers  placed  In  the  roo^ir*  »ter»  Gas  tssafaer  of  each 
sot  woo  ventilated  and  ths  ot  *»r  atxim'  nt  aerated  with  sir 
eantalnlng  carbon  tetraohlarl<ie  vapor*  '?.'»  first  of  t  1000  seta 
consisted  of  w  or.t  at  abotit  19  per  cent  rwlsture;  the  second 
of  ire'ioct  at  m.5  per  oent  aolsture,  end  the  third  of  w  .cat  at 
24  per  cent  nalsturo. 

At  the  end  of  10  days,  the  sa»;ilcs  vers  reaoved  froa  ths 
reeplrozaster  art.:  tested  for  aolsture  by  t!»  two-stags  oven 
■atbotU  i'ortloas  of  each  so  jplo  were  submitted  for  gsrulnatlon 
and  tested  for  free  fat  acidity*  itosulta  of  this  eaperlaent 
•re  given  la  Table  13  and  Fig*  7» 

orenoe  to  ?ablo  13  t.     .7  Indicates  that  application 
of  carbon  totrocMorltie  caused  a  dacreasa  in  respiration  and  an 
bltlon  In  ths  devolopaeat  of  frao  fat  (ustdit  .     i-esplra- 
tlon  values  obtained  vara  of  the  sous  order  as  those  observed 
In  the  previous  experlasnt* 

Frou  the  results  of  these  experlrjente  with  carbon  totra» 
caorlclo.  It  see  is  lUeely  that  the  ohenlosl  would  iiave  bona* 
flolsl  results  whan  a:  .piled  to  v;  .cet  wfiioh  wist  be  stored  at 
ladsture  eontents  which  are  conducive  to  .wld  growth*  A  slight 
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0^—0  19%  MOISTURE,  NO    CCI4 

0— — 0  19%  MOISTURE,  CONTINUOUS    CCI4 

X X  21.5%  MOISTURE,    NO   CCI4 

X— —  X  El. 5%  MOISTURE,    CONTINUOUS    CCI4 

V V  24%   MOISTURE,   NO   CCI4 

V— V  24%   MOISTURE,   CONTINUOUS    CCI4 


5  6  7 

TIME  ,  DAYS 


Pig.    7, 


Inhibition  of  respiration  by  carbon  tetra- 
chloride. 


■ 


decrease  In  swslnation  could  be  exnectod  but  this  effect  would 
undoubtedly  be  offset  by  the  inhibition  of  mold  growth  end  the 
cone  oil  tent  delcterla.a  o  ihiiqm  1b  the  cretin*    The  decrease  in 
baking  quality  of  deap  eheat  troated  with  oarbon  tetraa'.iloride 
which  wee  noted  by  Uumoap  and  Bergatelnaecn  will  need  to  be 
verified  bo  faro  reooetaendationfl  for  eounereiol  practice  eon  be 


Teste  of  osaiblo  casein  Preservatives 


The  purpose  of  thle 
exporlnsnt  was  to  observe  ti«s  rolctivo  effectiveness  of  various 
ohealoal  oaapounds  in  retarding  aold  .-  rcwth  end  related  dete- 
rioration in  sables  of  grain  at  high  snlstura* 

Fifty-gran  eagles  of  oloon  CCfT  wheat  at  00  per  cent 
laisture  eere  placed  In  snail  aorew-oappod  bottles*  m  t!»M 
ssjaplos  wna  placed  0*1  ec  of  t!»  liquid  eoapounds  to  bo  tested 
or  0*1  gof  t  ju   aolid  compounds*  Hal  bottle*  were  t:»n  coaled 
and  the  contents  mixed.  They  were  stored  at  roan  temperature 
and  occasionally  esaralaod  far  vieual  evidenoee  of  nold  grow' 
After  14  days  t!»  bottles  wero  opened  and  the  contents  spread 
out  on  tin  orai  lids  for  drying*  v?aen  sufficiently  dry*  sa.i.VLoa 
of  t       wero  auboittod  for  gemination  testa  and  free 
fatty  acid  detomlnationa  were  run  on  the  reminder* 

Results  of  tills  experiment  are  given  in  Table  14* 
ratings  are  baaed  an  a  oereful  evaluation  of  all  t!*>  factors 
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olilch  are  lloted  la  ths  table,  -.flcanoe  of  tlm  ratings 

'.van  la  the  rootiiotoe*  .  *wnd  loft  a  toxlo  residue 

f  It  was  suffiei  -JLc  to  bo  haaerdous  to  l»nlth  under 

normal  handllac  prooodaros,  it  wan  given  a  "C"  rating*     In  sons 
oaNi,  a  foul  odor  or  oxtro  *>  flawutblllty  contributed  toward 
a  "c"  rating  Tor  a  eonpound.     iroa  Tat  acidity  valuoa  ■out  in- 
terpreted »9  fallen  s     oa-jpounds  wliloh  appreciably  iaoroased 
t  o  fra«  fat  acidity  val jo  of  treated  «!ieat  above  t'.iat  of  t:» 
control  were  Qivoa  "C  ratines  J  eoapoundo  widen  had  no  appro* 
oiablo  offec-  -loptasnt  of  free  fnt  noidity  la  tb» 

treatod  wheat  wore  given  a  "n"  ratingi  eorapounoe  which  eooaiiler- 
ably  retarded  the  development  of  free  fat  acidity  In  treatod 
wiM»at  were  given  a  rating  of  "fi"  If  otior  c:iarectorl8tioa  of 
t  c  oegpoand  did  not  disqualify  It  frota  furtior  consideration* 

Ejfoci  ,  .bitors  oa  &jft  HPffPHtttoa  2£  iW.t 

Wheat.     In  order  to  elucidate  clearly  the  effect  of  so- «  of  tbs 
acre  effeotlve  stold  Inhibitors  oa  deap  ({rein*  It  was  decided 

ensure  t:*  ofrect  which  I  on  respiration*    Tim  oon- 

dltloned  w  jont  was  placed  In  Brlemsyer  flaaits  and  treeted  ■ 
t  ve  c!ier3loal  If  t'<o  o:»aical  was  a  liquid  or  e  sol     ,         .  if 
I  c  oiisaioBl  was  e  gas*  tbs  conditioned  w'eat  wna  treated  In  ■ 
saall  eaperiuentol  blouoiior  prior  to  being  pleeed  la  the 
resplroneter.     Three  different  trlnlo  were  eondaotod* 

I  results  of  t"ils  ex.;>eri:jont  are  presented  in     nbloa  15. 
16  and  17  and  riga*  B  and  0* 

Reference  to  Voblo  10  o  .    :  indicate  that  ;>ro:>yloae 
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Fig.  8. 


Effect  of  mold  inhibitors  on  the  respiration  of 
moist  wheat. 
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Pig.  9.  Influence  of  mold  inhibitors  on  the  respiration 

of  moist  wheat. 
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oxide  waa  by  fw  t:»  aoat  effective  nold  ln!»lbitor  aaonf 
mv  studied  in  the  firet  trial*  If  roapiratlon  la  toJasn  as  * 
:*as'ure  of  twld  activity.  I t  <Jld  not  oeoa  t)  he  <r>iits  as 
effective  In  reducing  the  devolopoent  or  froo  fat  acidity  oe 
ma  ofc/dnalna. 

Beferencc  to  Table  16  and  Pig.  9  lndieatoa  t!a»t  conttrne- 
tory  reaulto  «*ro  obtained  in  the  aeoond  trial  of  this  eoriM 
in  so  far  as  propylene  oxlOo  la  oonoerned.  An  increase  of 
of  feotivoncss  with  increase  in  concentration  vna  observed  with 
bot-i  propylene  oxide  and  tiilocarbenide.  iTopylono  oxide  waa 
o.-nin  obaorvod  to  ba  far  s»ro  effective  than  equivalent  concen- 
trations of  any  of  the  othor  oxalosis  employed*  In  tliis  ceoo, 
t»io  auperlor  effectiveness  of  propylene  oxide  was  apparent  both 
in  the  respiration  values  and  the  free  fat  soldlty  values* 

Mferenoo  to  Table  17  Vtdioatos  t!«»t  tim   ounraon  Maturing 
agents  Dyox  and  Agape  (c  lorine  dioxide  and  nitrogen  trlCilorldo, 
respectively)  are  also  aoraowhat  effective  as  mold  inhibitoro, 
onevor,  tho  oanoontrotido  of  these  oivKdesls  ess  «a*ob  greater 
t inn  that  usually  enpleyed  In  flour  troetuent.  Tie  effoctlvo- 
noes  of  t5»  oaipounds  did  not  inorease  greatly  with  an  inoroaae 
in  concentrations  in  t'»  range  eoosldered  in  thia  trial*  and 
Ibitory  action  la  not  nearly  aa  ^rootle  oa  that  of 

loriC   OXidO» 

Tact  of  'TffrTaWHt  'M'f  T  fch*  n**Tf*M*n1iayfcT  "f  ::T:    - 
.'•.ow  of  tho  effectiveness  of  propylene  oxide  in  preventing 
olding  of  danp  wiiect*  it  eeeaed  advisable  to  extend  t-» 


data  for  the  toxicity  of  this  substance  to  (hut*  Bom  of  the 
previous  experloanta  Had  i;>dleatod  on  apparent  increase  In  the 
e  usoapt-bility  of  the  etieet  eribryo  to  toxic  subatanoon  wJ 
Increasing  aoistur©  oo;ito.it,  and  for  this  reason  t'lia  -..art:  was 
conducted  with  wheat  at  varioue  .wlnt'jre  contents* 

faaplea  of  "0*  w?»at  war*  brouglit  to  aoistures  of  IS  per 
cent  ana  80  per  oont.  Llaoh  of  these  aaiplea  was  divided  Into 
two  lota  and  one  lot  was  treated  with  0.2  pap  oent  propylene) 
oxide  w  illo  the  other  was  left  untreated*  Samples  of  the  oris* 
Inal  wheat  ware  treated  with  E.O  per  cent  propylene  oxide  and 
0.2  per  cent  propylene  oxide*  All  of  theae  were  etored  at  rooa 
taoperature*  At  intervals  of  two  or  three  days  an.  plea  were 
withdrawn  from  each  lot  and  sub.  ilttod  for  gemination  tests* 
Data  secured  In  this  oxporl  out  are  presented  In  Table  10* 

arere.ioe  to  Tabic  10  indloatos  tisnt  low  Moisture  content 
la  not  an  efficient  protection  against  tl»  killing  action  of 
propylene  oxide*   von  at  11  per  cent  aolsture  oLsost  >0  per 
oeut  of  the  viable  kernels  were  killed  within  two  daya  by  • 
0.2  per  cent  concentration  of  the  ohealeal.  Thla  ataount  of 
propylene  oxide  ia  at  the  lower  Units  of  tl»  offeotive  oonoon» 
tratlon  for  preserving  grain  fro,        a*  .    ti  olearly 
Indicates  tl»s  Im '.vleability  of  applying  propylene  oxide  to 
v  eat  Intended  for  use  aa  seed*  Also  Indioated  la  the  ooerwnly 
obeerved  phenoaena  of  germination  decrease  with  prolonged  stor- 
age of  untreated  wheat  at  high  aoieturo  contents* 

'ataa  Tcata*  In  order  to  extend  t'uo  Investigation  of  the 


m 


Veblc   .   .Toot  of  propylene  oxide  on  t       nobility 
ai"  wiioftt.  ("3"  wheat*  orislnal  (for. 


' »      '''Jcy-S«gjS«gB»tlon 

Troataout  :  ;»yp  ■  r  et  apufaa 

»  a . ryrv^ , a 

11  .V":  ooleturo,  8; J  2  0  0  2  0 

propylene  oxide 

XUk'  nolstuiv,  10  0         12  5  7 

propylene  oxide 

11,1?  t»lsturo,  no  M  97 

further  troatnent 

15,1  ooleturo,  no  07        87        94        02 

furttier  treetesent 

V&  aotrtus*,     .  0  0  0  0 

propylene  ootids 

20#  moisture,  no  96        96        80        01  53 

furt'ei*  trootswnt 

205?  aeioturo,  0«fi#  0  0  0  0  O 
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action  of  sold  inhibitors  to  1  .elude  t:»  effect  jf  ■ 
ieals  on  t»  Billing  and  bakinc  ohareotoristloo  of  v  .ont  and  to 
iletor;*:io  their  effect! veneas  In  Inhibiting  t!»  Bhsng—  In  dasp 
wieat  w  nen  stored  »  ful  supply  of  oxygen.  It  was  o- 

eidod  to  apply  several  of  the  lii.'-bitoro  which  sul  a   own  rjost 
proxies  In  ;>r  li.-alnarv  trials  to  sariplee  of  culste:>ed  wotit 
large  eriougi  for  lor  experlroatal  mill  and  to 

stare  than  In  oontalnors  which  would  pemlt  Intermittent  aer- 
ation. The  procedure  followed  is  described  In  "..atorlals  and 
ftothods*.  saxsiles  wore  examined  and  war*  tallied  and  baked  at 
four-weak  Intervals  over  a  orlod  of  10  weeks* 

nssults  obtained  In  toots  on  tl»  onoles  withdrawn  at  I 
4,  3,  12  and  18  week  por'       ■  jwn  respectively  In  Tables 
10,  fX),    ,    ,  :  ,    ,  :    .20. 

o.-onco  to  Tables  10,  20,  SI.  22.  23,  24,  25  and  26 
lndicntea  t  .ct  a  constant  decrease  In  aoloture  oontent  occurred 
HfMsj       '.G-woek  period  In  moot   eaoples.  The  final 
nolaturea  averaged  about  three  per  cent  less  than  t  *  Initial 
moisture  values,  (he  decrease  In  uoleture  peroeutsg*  nasi  will 
to  be  greatest  In  tie  second  and  t:»  fourth  four-week  periods 
and  relatively  alooer  at  ot  ;or  tinea.  ":iio  gradual  drying  of 
the  ssiploo  is  undoubtedly  dijo  to  the  effects  of  aeration, 

out  the  iioiet.ire-lfidon  at:.i«a  •jjoi'o  in  the  Jars  and 
replaced  It  oit .  dryer  gas.  It  night  be  expected  t  nt  t  ils 
tsndaney  toward  drying  would  alow  down  the  degenerative  chances 
associated  w-t:;  >li;her  nolsturo  contents,  esraslng  the  greatest 
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deleterious  effects  to  bo  jbsorvod  in  tbe  first  four-— oil  period 
wit:;  a  gradual  lessening  of  t  jo  pate  or  (deterioration  throughoot 
the  succeeding  periods*  opposing  this  afreet  would  bo  t:*o  I  .- 
creasing  ■»*!  epore  content,  which  would  probably  be  grouter  at 
tbe  start  of  eaea  eueaeaaive  few  ■— ait  period*  i^aoilltioa  for 
Gemination  and  growth  of  tbe  sold  cporeo,  owovor,  would  be 
loaaened  by  t'-io  factors  previously  oeatloned*  ""otr.l  dooreaae 
of  noisturs  oo.tte  it  in  all  of  the  sample*  vaa  audi  tbe  saue  with 
tie  exception  of  tbe  untreated  sample  atorad  under  oxygon  otuoa- 
prsoro  and  the  final  .jointure  eontont  value  given  for  tiilo  sa  ;plo 
oan  be  regarded  as  doubtful* 

Fat  aoltilty  vnlueo  lnoreaeed  regularly  throughout  the  firat 
t'-rea  otorar^  periods*  but  t  »r.o  values  appeared  to  be  lowered 
slightly  during  tho  final  four  neolss*  7b*  reason  far  the  letter 
faot  la  not  Ioowji.     ough  a  relatively  stable  fat  acidity 
value  could  be  expected  aa  the  wheat  beeans  dryer,  a  regression 
in  tho  values  was  not  expected.  Perhaps  ths  molds  began  to 
utilise  tiio  fatty  aoida  In  their  rjetoboliaa  as  ths  saold  population 
increased  end  ooupetitlon  far  nutrients  beoam  greater*  lithylena 
c  lorohydrin  was  th*  eUetaioal  found  to  be  aost  effective  In 
holding  down  ths  dovelopoant  of  free  fat  acidity*  ".'so  final 
values  far  tho  saapls  of  w  oat  treated  a'       aubntaztca  were 
about  a  third  lower  t:«n  the  value  for  the  oxygenated  daap 
oontrol*    docerborjide  and  propylene  oxld*  were  also  vory 
effective  in  t  is  respect* 

Tbe  external  appearance  or  t  so   aaiplea  beeeste  aore  end  nor* 


undesirable  as  the  lo:^-:  ■  .joriod  inci«eaoed« 

Uoot  of  the  «!w»t  booaao  discolored  and  dor  :onod  after  four 
aeolts  storo;^©  a.*',  at  the  10  imIc  examination  all  or  t  *j  aa;i;do« 
vera  diacolorod,  oxoept  of  course,  the  dry  control*  At  this 
tl:-»  t  10  wheat  (rolled  jauaty  end.  In  nany  cases,  gave  off  • 
danao  aloud  of  wld  spores  when  poured  frm  the  Jar*   t-tylcne 

"Ohydrin  woo  relatively  effective  la  preventing  tiavalopnaMa 
of  discoloration  and  noldy  odors*  and  propylene  J7c5.de  dolayed 
to  devolopMont  aonowliat.  Ths  nuuber  of  riannqsd  kernels  In  ths 
sasjplas  Increased  steadily  and  the  aomcrctal  grade  decreased 
in  proportion*  The  control  was  graded  ":to»  1  itord  ark  winter" 
at  tho  start  of  ti*e  storage  period,  but  after  1G  woeisc  of  storogs 
In  a  danp  condition  the  «:*»at  had  deteriorated  to  Sanple  Grade* 
Propylene  oxide*  fctaoearbanlde  and  80  per  oenfc  propylene  oxide 
In  carbon  tetrachloride  ware  found  to  be  tiie  aoat  effective 
treatnenta  to  redues  the  rate  at  w'nieh  the  peroentoeo  of  donated 
kernels  lnoreesod* 

Propylene  oxide,  1,  3  dio  iloropropeno-1,  end  SO  per  eent 
lane  oxide  in  oarbon  totreoalorlde  reduced  tha  wheat  saplss 
so  treated  to  sere  gemination  at  ths  end  of  tits  first  four  week 
storage  period.  The  gsmlnntlon  of  the  other  samples  deereoaad 
lees  rapidly  but  at  ths  end  of  16  eeoks  all  of  than  had  gsral*> 
nations  loan  tlnn  a  third  of  that  of  the  original  sample, 
deereaee  was  constant  and  regular*  Carbon  tetrachloride  was 
ths  cost  effective  conical  in  preservine  Gemination  in  the 

-   • 
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There  did  not  mora  to  bo  any  significant  dlfferwues  In 
nllllng  extraction  or  fariaograph  absorption  between  t:»  various 
— nploa  at  t:»  beginning  of  the  tests  or  aftor  t  »  final  storage 
period*  Bar  did  Use  Individual  easiples  oisonce  in  regard  to  those 
two  c  arnctc?lstiosa  The  velorlyetor  vnluas  however*  increased 
an  average  of  13  per  oont  durinn  the  1G  weeks*  Itata  Inmaaaa 
ens  regular  and  constant  Mwonghout  t  >o  first  three  atosag* 
periods  but  waa  slight  or  insignificant  during  the  final  four 
seek  period*  Alao  apparent  was  a  decided  change  in  curve  oharao- 
torlotlca,  from  a  elowly  developing  ferinograH  with  a  curved  top 
and  naderately  repld  breakdown  for  the  flour  fron  the  dry  con- 
trol to  a  rapidly  developing,  straight-topped  farlnogran  aua> 
gestivo  of  a  strong  flour  with  groat  nixing  tolerance  «hioh  was 
obtained  with  t:io  flours  frou  aoat  sables  at  >red  daap  for  10 
end  aerated  with  oxygen*  The  greeteat  valorl»ter  value* 

obtained  for  tin  flours  fron  saaplcs  treated  with  carbon 
tetrachloride  end  propylene  oxide*  Ths  day  control  had  an 
absorption  value  v  lieh  retaained  osaentielly  unohanjsed  and  the 
value  waa  about  two  per  cent  higher  titan  the  danp  atored  aar>los 
after  16  weeks  of  storage* 

with  the  exeeption  of  the  ae^le  treated  with  carbon  totra- 
c  loride,  all  n  icata  gave  flour  that  was  anaty  in  odor  or  had  an 
odor  slnilar  to  that  of  the  oitenloal  with  whieh  It  was  treated 
aftor  only  four  weeks  of  atorage*  After  1G  weeks*  all  of  t.ho 
floura  wore  deeidedly  austy  in  odor*  Ibaajj  troated  with 
1*3  dlchloropr  opens -1  gave  flour  that  was  foul  and  nauseous  in 
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Altar  the  first  four  weeks  baking  tost*  it  beeatae  obvious 
that  tha  fonsila  witch  lneludod  dried  utile  ("rich")  would  not 
provide  tadneHa  not  effarded  by  the  loaves  baited  fren  t  jo 
"aroaeba"  f orcula,  end  consequently  the  "Hloh"  foraula  wee  not 
used  In  subsequent  betting  toats.     In  f^tjorel,  tso  e.>ooifio  vol* 
un»  of  t 10  loaves  Inoreeeed  es  the  test  periods  proceeded. 
eesional  eberrent  resulfea  isust  bo  ascribed  to  ox  >oris».itAl  error. 

Trawto  rosponee  aeetatd  to  decrease  steadily,  except  la  the 
oaee  of  the  dry  control  wide!:  aoeaed  to  ineroese  ita  broaate 
roa  -onse  as  the  experinsat  proceeded,    ?  lioearbaaldo  reduced 
loaf  volume  considerably, 

Loef  eiinraeteriatioa  euc  .  eo  texture*  ;5M»i^»  end  external 
appeeranco  a.':owod  no  definite  treads*  except  what.  In  nest  ensos 
the  Omxp  w.»fit  gave  flour  that  waa  eons  iderebly  inferior  In 
baiting  quality  to  tiiat  frota  the  dry  eontrol.     Propylene  oxide, 
carbon  tetrachloride,  end  et'jylono  ohlorohydrSn  seeeaed  to  bo  the 
noet  effective  in  preserving  desirable  batting  qualities. 

la  nearly  ell  coses,  tl-e  misty  or  cbsaioal  odors  noticeable 
o  flours  were  transmitted  to  ti»  loaves  baked  iron  tiara* 
*  ease  of  w'eet  treated  with  1,:,  >:>ene-l,  the 

odor  trew.il  tied  to  V&  loavee  be.cod  after  four  ueeljo  storage 
was  so  thoroughly  repulsive  ae  t  iato  this  c  »:i'.oal  fron 

furtser  oonelCeration  as  a  preservative. 

I  nastiest  w  oat  save  flour  which  caused  a  grayish  color 
In  the  oruab  of  loavoe  bateod  fron  it*     At  the  end  of  10 
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all  t:<c  loaves  ©scoot  ths  ot.-iyleno  shloroiqrdrin  treated 
bad  tiits  abearance. 

In  resuse,  tt  can  bo  aald  that  propylene  oxide  and  carbon 
tetrac  ilafiJo,  sloes  or  in  ooubination,  oammA   to  be  vaare 
o  feotlvo  tlian  an;  ot:jor  cho:iicol  tested  la  preservinG  the 
daalrabla  qualities  of  vi*at  fo.      '--lag  trade.  .  vcu  toss*) 
ehSBicala,  losevor,  when  applied  in  the  osnner  used  in  this 
study,  did  not  entirely  prevent  the  detorioration  of  lii;;h  aola- 
turo  oontant  Haaat  upon  prolonged  storage* 


Effect  of  Hold  Inhibitors  on  the  aspiration  and 
Asaooiated  ClSHreotori  sties 


In  order  to  obtain  furtiwr  inforantlon  on  the  effect  of 
various  ae&aWti .  ibitinc  o  lenicalo  on  tto  respiration  of  tt  .cat 
at  afaji  taoisture  contouta,  sons  axperiaonts  were  unuortslem 

ianp  shoot  that  had  bean  atored  at  roon  to  pomturo  in  a 
closed  container  for  several  days  before  being  •<  .ployed  in  the 
respiration  trial*  as  a  consequence  of  this  treatasnt,  the 
eenplea  of  wiieat  were  all  visibly  infected  with  a  heavy  gremtitk 
of  sold  before  being  plaoad  in  t'.io  reepiroaotor.  <arious  aois- 
tura  contents  vera  used  and  t  =o  sanplee  aero  alloeed  to  :»ld 
for  varying  periods  of  tias  before  use  in  order  to  set  a  nor* 
oonrloto  idee  of  the  influence  of  the  different  factor*  ehioh 
affected  t<»  final  result*  BM  c  a-iioola  used  vers  ths  ooanaaly 
used  flour  bleaching  gaaas  ;iitpooon  trio  JLorldo  and  chlorine 
dioxide  as  noil  aa  carbon  tetrachloride,  1,0,3  trlcaloropropana 
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and  tr'.c'iorct  ylone. 

•V.*  reoulto  of  this  oxporl  w:it  are  presented  la  Tables 
07  and  88  Bad  Pin*  10. 

nefereneo  to  ."able  87  and  rig*  10  1  adioates  that  both  onr- 
boa  totrac  iorliio  and  tri.c  Xovot  lylouo  w»re  <iuito  of  eotive  In 
reducing  t?»  rate  of  respiration  of  t!x>  nrain.  and  that  trl- 
o  loi-ot  .ylone  was  slightly  rwre  effloaoloua  than  carbon  totro- 
.  >rlde  la  ttils  reepeet.  l»3*8s  tr*c'iloropropaae  apparentlT 
had  no  of  foot  on  the  respiratory  rate.  In  contrast  to  the  re- 
sults ootelaod  In  the  oxperlnouts  on  froahly  dampened  cralii, 
an  Initial  a~r?lteution  of  liquid  etienioal  reduced  the  rosplretion 
of  t!.w  prenolded  wheat  conaldorably  ooro  tijaa  did  continuous 
application  of  t<io  vapor  of  the  ohoaleal.  In  general*  t;»  lor/eat 
ret  acidity  values  wore  e.  Delated  with  a  low  rate  of  respiratory 
activity  and  high  fat  aoldlty  values  vera  aaaooleted  with  a  higfc 
respiratory  activity,  a  result  vhlob  had  been  obeorvod  In  pre- 
vious experimmta  with  freshly  daupened  Grain. 

orenoe  to  Table  SO  Indicates  that  a  conaldorably  ££&*>" 
resplrat  iry  roto  was  observed  for  grain  <iw  a  i  was  slitfitly  danger 
and  VhlOa  had  been  atorod  longer  In  Kb*  aolatened  state  then  the 
wheat  that  tad  been  utilised  In  the  ozperlnent  doaarlbed  above* 
Both  of  the  gases  used*  nitrogen  trichloride  sad  chlorine  di- 
oxide, lowered  the  total  roe;  ■".  ration  values  alnnificaatly  at 
to  lowest  concentrations  euployed,  and  the  rate  of  Inhibition 
was  greater  at  higher  oonoonbratlons,  though  not  proportionately 
ao.  In  one  instance,  the  naxlragi  rate  attained  was 
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"abla  23.       ffoot  of  nitrogen  trle!iloride  a:s£  oaorlne  dioxide 
on  the  inspiration  of  oolded  *:»at.     ("3"  »  oat 
allowed  17  days  at  About  20.'  .soioturoj 

trial  continued 


t      ;'o"s"  'fraliToT^ ™T 
t  :/l00  g  dry      J  :;oiatuspe  i 


r*r.spla  I  Treatment  per  t     :natter  _,  t  eftar         I  roe 

noriber  i  100  c  dried      iHaxlaaB  *  Total  :  trial        t  fat 

t daily  ratal  for  i  par  oent  t  aoldU 

j iattalnad  i  trial  % i 

I  Mi                                128  1056              19.7  77.7 

II  37.S  Hg  IJClj                    ..  651             19.4  G7.3 
in       138  Jtg  HCI3                 60.3  547             13.4 

IV         0.345  c  CK>2             Mi  MV 

1.73  g    :10b                      .  M             13.5  06.4 

VI                                                 00.2  469                  .4  G0.1 
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Fig.  10.  Sffect  of  certain  mold  inhibitors  on  the 
respiration  of  molded  wheat. 
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higher  for  the  treated  «sr.  1e  than  for  tJ*  control,  olthoufih  the 
total  carbon  dioxide  respired  waa  considerably  loso  t'jca  for 
the  control  on  nlo.  Ths  reason  for  this  apparent  diaarepanoy 
la  not  known,   at  ncldity  value*  l:'-«^»aaod  with  inereaaea  In 
tse  total  carbon  dioxide  reepired* 

In  both  of  the  experiments  described  above  t!*»r©  waa  noted 
a  great  deoreaee  in  gemination  duo  to  t  *  aald  growth  and  a 
further  c:o«vo  a  ooourred  as  a  result  of  the  application  of 
every  che  .ileal  etudled* 

. 

•  data  obtained  In  theee  axperiraonte  reveal  that  few,  If 
any,  c/ioneo*  of  significance  ooourred  waw  w:«ct  was  treated 

ethylone.  ItegaJlai  raaulta  were  obtained  whan  the  wheat  ao 
treated  was  dry,  wist,  nature  or  izxwture,  and  Whan  widely 
different  doeaces  of  ethylene  were  eaployed.  Ftootora  observed 
lnoluded  respiration,  gemination,  devolo;.catnt  of  free  fat  acid* 
lty,  and  baking  pro  crtlee.  Although  it  la  well  known  that 
ct  -.ylosis  Is  remarkably  powerful  in  causing  altoretiona  in  ti* 
{growth  and  saturation  of  certain  seedlings,  flowers  and  fleshy 

LtS  of  oct  on  dement  grains  la  obscure.  3bs  date  here* 
in  presented  would  tend  to  lndioate  timt  t  .e  jjaa  ie  phystds  - 
leally  aliaost  Inactive  insofar  as  t'io  whoat  vernal  la  oonoomed* 

Carbon  tetraclvtorlde  aos  siwwn  to  be  art  effective  funr.l- 
stntle  agent  whan  a  pl'od  to  daap  w.mit  In  suffioient  quant' ties. 
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Tables  3  ami  10  and  Pig*  &  Illustrate  cell  t:»  Inhibitory  notion 
■  c  laalcal  lias  au  c)iangS8  associated  with  -sold  growth  la 
Hoist  >?reln.  Tils  phonooenon  Is  not  I  ' t  Is  con- 

sidered that  carbon  tetrachloride,  lUco  aany  ot:»r  cilorinntod 
ijydrocarbona,  acts  as  a  cell  poison  when  present  In  Great  onoutfi 
eonosntratloas*  The  ohsmloal  Is  effective  only  as  lone  as  It 
rwoalno  present  In  the  grain  In  appreciable  quantities*  and  It 
has  no  residual  of  'oct.  Tims  It  eppoers  that  ttja  aold  spores 
are  quits  resistant  to  actual  billing  by  t!»  o:©  ileal,  and  are 
only  •BSSStbetlasd  by  It.  carbon  totroc  ■lorloe  was  foimd  to 
lose  so  »  of  Its  effectiveness  wiiwa  ti»  aoisturo  content  of  t'» 

•.n  was  Increased  to  iilr.'i  levels,  s  furt!jer  Indication  that 
the  ast-' tod  of  action  of  t       oal  Is  as  an  anaest  sotlslne 
a  ont  which  aay  bo  ovoreono  if  aondltlons  of  growth  era  suffi- 
ciently good. 

A  large  nudbar  of  clienlcala  worn  tasted  In  a  preliminary 
raannor  for  their  relative  effectiveness  in  Inhibiting  aold  growth 
In  da  v   -rain  as  measured  by  free  fat  aoidlty,  vlslblo  bmM  de- 
crease In  semination,  etc.  As  Indicated  In  Table  IS,  several 

MM*  gave  favorable  results  and  sons  vera  selected  for 
fiirt'. or  study,   oct  of  the  ousoieala  tested  were  disqualified 
for  various  roaaona,  and  several  ooopounda  known  to  bo  effective 
funglstata  In  certain  specialised  fields  were  found  to  be  of 
little  or  no  value  o\en  applied  to  datap  w.'ieat,  This,  of  course* 
eophaaisos  t:»  special  problaow  •neountcred  In  the  study  of 
grain  preservatives.  The  fungi  noraally  lnhab: 
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no  doubt  specialised  saprjphytee  possessing  highly  la 
Growth  and  adaptation  characteristics  not  possessed  by  other 
species  infesting  other  eoonerelelly  ir.iportant  produets. 
feotlve  oonpounds  wore  found  to  vary  widely  In  eheadeel  otnoture, 
but,  ae  a  clase,  tba  estall  suleeular  weight  o  ilorlnatod  hydro- 
oarbons,  ospeolully  t.iooo  wlto  a  double  bond*  oeeaod  to  ;«vo  an 
unusual  degree  of  toxicity  for  t;«  saolds  concerned,  rhey  aim 
oaually  had  a  high  degree  of  toxicity  for  too  w:*ct  oobryo* 
Both  propylene  oxide  and  ot  syleno  oxide  »ia»  found  to  be  of  feo- 
tlve In  Inhibiting  *!i»  growth  of  fungi  and  the  foraar  wan 
especially  effective*  Tile  la  not  surprising*  sl:ioo  otosr 
Investigators  nve  Shown  tos  epoxides  to  be  effective  fungistnts 
when  applied  to  certain  other  food  products  often  Infested  with 
.Molds,  aueh  as  fig*  and  dates* 

Pons  o       re  favorable  oiraileels  employed  in  t!» 
previous  aeotlan  were  applied  to  no  lot  wheat  and  the  respiration 
of  t'-»  wheat  was  aeaaured*  since  It  wee  asoisned  t;«t  toe  rospl* 
ration  rate  of  too  ,-TSln  was  a  w>re  sensitive  Method  of  differ- 
entiating tlie  fungi-inhlbitlnc  capabilities  of  the  compound* 

■  supposition  was  s  i?£>orted  to  a  considerable  extent  by  the 
data  secured*  Preliminary  findings  es  to  the  relative  effective* 
ness  y"   tie  compounds  were  genorslly  confirmed,  but  toe  respi- 
ration of  the  wheat  was  shown  to  be  s  oueh  ooro  roliable  and 
sensitive  iiKlioator  of  tie  c  &  deals'  effectiveness  than  wns 
fet  acidity  or  esaoolated  fnctars.  i"ro  >ylo:5e  oxide  was,  by  for* 
t">c  :.»ot  offlolcnt  ehsnicel  studied*  This  Is  suggest twe  of 
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poesT'oilltlOB  far  oacnerolal  uoe,  alnee  propylene  oxide  Id  o:*ap, 
easy  to  ar>ply,  and  liydrolysos  to  leave  aa  inooeuous  renldje. 

One  disadvantage  of  />ro,>ylene  oxide  Is  its  ;;.'otit  toxicity 
to  t!ie  wheat  eabryo  w.lo  was  o  .own  by  t  >e  data  in  Tables  13,  14 
and  15*  To  ftvtfcap  elucidate  tills  p.ienooxman,  another  oxpe. 
nent  was  parforwetl  end  resulted  in  the  data  given  la  Table  17* 
This  data  confirms  that  obtained  previously  and  lndioates  that 
t  a   poisonous  effect  la  uoro  or  leas  independent  of  the  notsture 
content  and  oeoura  iaaedlnfeoly  upon  application.  Ml  io  indeed 
a  aerlous  barrier  to  use  of  to  coilcal  on  seed  w  ioet,  but 
would  hnrdly  aiVeot  Ite  value  as  a  preservative  for  nroln 
destined  for  "lilting* 

Sobs  of  those  c'.io.  deals  wijleb  showed  eoeaibllltioa  of  being 
eowaerclally  valuable  as  preservatives  for  deep  nrain  v/oro 
•-".ed  to  eoiporetively  large  souplos  of  -..lent  wilo  wore 
ventilated  at  frequent  Intervale  with  oxygon  to  provide  supposed* 
ly  opt  .sua  oonditlons  for  nold  [jroeth*  Three  sets  of  untreatod 
oontrola  were  *oed;  one  af  which  vaa  ooaled,  one  of  which  woa 
neriodloally  aorated  with  oxygen  and  one  of  which  woa  perlodi~ 
cally  flusiied  with  nitrogen* 

In  general,  all  of  toe  samples  s.:Joed  an  inoreaae  in  fat 
ecldity  end  da.e^ed  ("aloic")  .»n»la,  end  a  deereeae  in  gemi- 
nation* The  odor  and  appearance  of  the  wheat  beeane  qu'.te  un- 
desirable  and  it  decreased  from  a  grade  of  no*  1  :ard  Desk  sinter 

■■'.  jple  Grade  after  1C  wefts  of  etorago*  T.-iero  was  a  aloe 
deterioration  of  baiting  qual:'.       a   flour  rillled  from  t:» 
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v  .oat,   t,  ©  absorption  and  «i«l;!ot  r  val  iOe 

>t  o  sftHto  s*u  •      1  jcvob  taUed  at  fcho  end  ..f  t  _e  tost 
•lad  wave  gray  la  color  n.id  all  ted  a  vory  unpleasant  moty 
odor*  '"icy  «m  not  oxisldorod  edible* 

Sane  of  the  c  p  deals  orployod  lnportod  «  vary  objection- 
ablo  odor  to  t  «  •■•  icnt,  flour  and  bread.  T>artloularly  aarieed 
In  t-.is  raspoot  wuo  1,3  •icaarororopeae  1*   tent  treated  with 

ahemiool  was  discarded  after  two  ,iout:ia  stora-o,  >rt- *vlly 
because  of  tito  odor,  whlo'i  wao  considered  sufficient  to  ellninate 
It  fron  consideration  for  con  orclal  usee* 

An  unexpected  result  naa  t'»  orange  In  farlnograph  curve 
■-.ctoi-tntloD.  -it  t  jo  beginning  of  the  experiment  the  flour 
od  frost  t!ie  control  wheat  Qten   farlnograph  curves  of  noma! 
appoarc  joe  far  a  oouerately  strode  flour*   ovovor,  after  IS 
weeks  of  storage  stoat  of  t:«  flours  cove  farlnograph  curvoa 
whloh  allowed  a  rapid  development  of  the  dough  and  a  vory  slow 
break  down  without  any  groat  alteration  In  absorption.  The 
a&sing  time  for  ths  brood  doughs  wore  elao  inure  aaad  consider* 
ably*  Tills  ulxlnc  tolerance  la  usually  Indicative  of  a  strong 
flour  end  would  tend  to  ahow  that  t  jo  ba'dnc  quality  of  the 
flour  inereaood  during  the  staraga  period*  This*  -aoovor,  was 
not  borne  out  by  the  porfornanoe  of  IJM  flour  when  baked  into 
loaves*  Tin  footors  beldnd  tteso  obsorvatlcna  eon  only  be 
jooturod.  Farhops  the  protein  structure  of  the  flour  was 
inproved  during  storago  by  en  alteration  In  the  oxidation* 
reduction  potential,  whloh  nay  have  resulted  either  fron 
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liberated  into  the  w  io«t  andoapern  by  the  growing  fun^i,  or  frao 
intrinsic  ehau£os  in  the  tf  vest  borry  duo  to  its  own  netabolic 
processes,  or,  raore  lllanly,  rro..       i  oxygen  content  atone, 
phase  ewrouuding  the  who  .  .  )j>ort  of  the  latter 

supposition  aroi  the  ;;ood  baking  qualities  of  the  daqp  oxygon- 
atod  control  en  ca-ipurod  with  the  dnup  nitrogen  atmosphere  con- 
trol end  the  danp  noa-aeratnd  oontrol,  and  the  low  brounto  ro- 
eponae  of  t  :<e  daup  oxy(a*nated  control.  The  funeral  deeroaee  in 
basing  quality  frou  tv.t  of  ti«  dry  control  could  bo  considered 
a  roault  of  t.:o  anxiolytic  and  proteolytic  ol&ngoa  oa'jsed  by 
Id  and  wheat  enayaee*  "heae  could  adversely  affoot  bha 
bread  dough  during  the  lone  fertaentatlon  period  without  appreci- 
ably affecting  t  *>  farlnograph  dough  in  w  .loh  for?ientation  la 
not  a  factor, 

'.'.to   ohoraicala  studied,  propylene  aside  and  etlsylane 
c  lor%x  lydr in  ware  8K?et  e f fee t  i we 

deterioration  of  the  wheat.  Insofar  as  preservation  of  tho 
baking  Qualities  of  the  flour  la  concerned,  roaults  were  largely 
luoouoluaivo,  but  it  appears  that  carbon  totn.o  loride  end 

rlene  oxide*  nixed  or  separata,  ware  raoet  offioaoloua,  II* 
aynargistlc  effect  waa  observed  tfien  these  oheaicola  ware  alxod, 

A  furt  «er  aoriea  of  experi.-aante  was  uudertaiae?i  to  deternlne 
tM  effect  of  eo*.»  of  the  aionieala  previously  studied  on  inoot 
which  had  booone  tJioroughly  aoldy  beforo  trootoent.  As  far  oa 
the  respiratory  rotes  wero  c  oncer,  oc,     anlo  found  do  b© 
dopreaaanta  for  freshly  "listened  grain  acted  in  a  aluilar 
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on  noldy  crain*  fta  shown  in  ';'lc»   10,  tho  respiration  tended 
"noroase  ««a  aeration  was  be;;un*  V  Is  is  no  doubt  duo  to 
vq. icvnl  of  t'»  accumulated  woate  gasoe  shlch  cuat  avo  bad 
an  Inhibitor?  cfieat  on  the  vegetating  aold.   boorvatlona  in 
this  seriea  of  experiments  were  lornoly  analogous  to  those  nede 
with  freshly  noisteaed  .rain* 

MHMH 

Influence  of  ethylene  on  t  .o  :>oe;-'-j>atI  jn  of  wheat  at  various 
stages  of  mturlty  sea  studied  with  the  objective  of  determining 
M  or.  as  t  ■  ,^-fla  night  lnduos  maturity  In  eueh  grain*  In  ad- 
dition, a  large  number  of  organic  oocpound*  woro  tested  in  a 
proliainary  Banner  as  preservatives  for  dasp  sheet.  "'*>  in- 
fluence of  aone  of  t)M»se  ooopoundB  on  tho  respiratory  Carootor- 
:  iAlity  of  the  sheet  for  billing  and  baking  purposes 
was  also  Lnvoatigett  . 

Data  secured  In  expert. »:  its  with  ethylene  rather  definitely 
eliminate  this  sheuieal  freu  furtrier  consideration  ea  a  possible 
v?  sat  naturing  agent*  Those  differences  observed  between  wheat 
and  flour  treated  with  ethylene  end  the  untreated  controls  n 
aight  bo  attributed  to  the  action  of  the  gas  were  ninor  and  not 
of  a  type  which  would  increase  fie  ootsaerclal  value  of  these 
eereel  products* 

Carbon  tetrachloride  sea  found  to  decrease  the  respiratory 
rate  of  aaiet  w:ieet  and  to  l^iiblt  forraa  of  deterioration  that 
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nro  ty-icel  of  »ld  growth  da.iags  without  introducing  itior 
deleterious  c  tangos  itself*  So  rssidusl  protective  eiYoct  is 
obtained,  hoawve  r,  .urb  «i  tetroo  loride*  This  eaifiound 

own  be  considered  as  .«»  of  the  Host  pro  .doing  of  those  ln» 
vostlgetod  *S        -  Ji'oaci'vatlveo. 

Itl  libit  ion  of  dovelopuent  of  free  fat  soldi  ty  iii  ;.soist» 
treated  v.isat  this  found  to  be  a  good  i- idlest.'       ■  effec- 
tiveness of  any  eoqpoand  as  a  ncld  inhibitor*         xjthod, 
in  conjunction  with  tests  far  gemination  and  physical  appear- 
ance, 104  organic  eoopounde  war*  evaluated*  several  of  t;»oo 
ooapounds  ware  Observed  to  be  suf  ioleatly  promising  to  aerit 
acre  thorough  test  inc.  Asiong  these  ware  propylene  oxide*  t  J.o- 
earbanide,  plporonyl  cyclonone  and  several  of  the  lower  molecular 
weight  c  lor lusted  hydrocarbons,  oepoololly  t*u>se  containing  a 

Propylene  oxide  was  Cwv-n  to  bo  very  toxic  to  grain  even 
st  fairly  low  concentrations.  This  of feet  was  slightly  more 
rapid  on  raint  grela  titan  on  dry  grain*  and  increased  with  a 
higher  eonoantration. 

Propylene  oxide  and  earbon  tetrachloride  ware  shown  to  be 
aaosg  the  aost  effect         Is  In  preventing  the  deteriora- 
tion in  :  dllin;  ■  aitd  baking  quality  of  large  wheat  or.       vlng 
extended  period  of  storage  with  tho  axoe.itlon  thst  use  of  the 
fomasr  oaapound  was  aooowpanied  by  a  fairly  high  percentage  of 
damaged  "slot"  kernels*  Baking  quality  of  the  flour  frost  wheat 
stored  for  considerable  length*  of  tloe  In  a  r.ioist  condition 
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deteriorated  eouBw'ifit  regardless  of  the  .tola  i  :;ilMtory  fcreot- 
nant  crnloyo  ..      ost  a*!-       oeta  were  the  objectionable 
odor  and  gray  oolor  of  Ureed  Aran  daneged  v.  aoU  nroaate  re» 
mo  was  reduced  In  all  ee-tploo  of  to  wheat  stored  at  high 
moistures*  but  It  was  not  norociably  reduced  over  a  f  our-ixmth 
patrlod  la  wheat  atorod  dry*  Th»  Maples  of  wheat  stored  at  the 
original  lev  aolsture  content  gave  flour  that  was  sonewhet 
lBproved  In  baking  quality  after  four  aanths  of  storage*  'taring 
saolst  w  ;eet  In  a  nitrogen  at  n>nr>"ioro  or  In  an  air-tight  container 
old  not  seen  to  reduce  appreciably  to  rate  of  deterioration* 
Soma  of  tlH»  oh&aloala  oi.ployed,  notably  ethylene  ohloro! iydrln 
and  thlooarbanide*  had  a  deleterious  offset  cm  t:,o  baking 
qualities  of  flour  dllod  fron  wheat  so  treated* 

In  general,  thoc  aa  carbon  tetrachloride 

and  trioiloret  tylene  which  «ere  found  to  bo  effective  inhibitors 
of  nol<3  ;rowth  on  fron  dy-wottod  croin  were  also  found  to  be 
effective  In  preventing  ooutinued  deterioration  w:«i  applied  to 
previously  molded  w**at.  3itrogen  triahlorldo  end  chlorine  di- 
oxide were  also  orfeetlvo  in  tills  respect*  but  not  especially 
so*  Change*  which  :>.ad  oocurrad  in  tho  v  »ot  previous  to  the 

or.tloa  of  the  ehenleal  were  not  reversed  by  the  treateaant* 


tos 


jwledfjaerit  Is  extended  to  ;*•     ax  iJIlacr,  anjor  In- 
structor, far  Invaluable  aid  la  directing  t:»  l.-wootlcatlan 
and  Codeine  the  aanuaerlpt  ond  to  other  Masters  of  t  &  iJopnrt- 
asnt  of  Stilling  Ioduatry  without  wioae  cooperation  this  inves- 
tigation could  not  have  boon  oataplot     .  ere  also  duo 
to  Anna  .  cciior,  seed  analyst,  for  eerryiau  out  tha  serotjujt.ton 
tests* 

The  author  la  indebted  to  General  nilla,         .,    Unnoapolla, 
.  ooJta,  for  t'x>  financial  oaninto.ioe  wiiich  nada  this  study 


104 


■  exssD 


L,    .  H. 

Cbaotoal  trootnout  of  seeda  to  prevent  leasing  end  Uotot— 
i oration  during  atoraga*  ?l*»  Cotton  Gin  and  Oil  '111  i*»as, 
January 

Aawloai:  •sBociatl.xi  of  Coroal  Owalata* 

oal  J»borntory  Hot  sxle,       ...    .  ., 

Acaoo.  Ceraal  Chaalata*  341  p*  1347* 

■allay,  C*  'I.  and      .      .  . 

iratlon  of  stored  w:*nt.       .    .    .a.  Jour*  Afj*»  Baa*     12l 
CQ5-713.     1919* 

,  -  -do. 

offoct  of  ot  .ylono  oa  rr*ohly  harweted  w*«t. 
17t490»404*     1940. 


Croalcar,  Gillian* 

Growth  of  plonta.    Dew  YorJc.     natnoold  rub.  Co*     45       . 
10-:    . 

-owl,   J.      . 

ana  nomination  of  oeodo.        ....         .      Lout 

In  :X>.     1304. 

Otti;   ,      .      .  .      .     orron. 

,i  the  tenporatura  of  ntored  corn*     Plant 
.     1320. 

Laraour,     .     .  .     .  'tor^telnaaon* 

Tfaa  affaet  on  w  »at  quality  of  long  exposure  to  carbon  tatro- 
>t»ld«.      '.on.  Jour,  of     oa.     010s  341-1M7,     1030* 

lagmtmm     .....     lrv-tai  .     .     MMtasUa 

A  atud7  of  t>»  rosplratlon  end  ueatlno  of  darsp  w  o.<    . 
Jour*  of  Tee.  15.     1035. 

(Jana)     1-127.     I007. 

ilnor.  .,  .  .   xlstenson  and  .  .  odJea. 
"rain  storage  atudloa.  VII*  Xnfluanoa  of  oartaln  :aold 
inhibitor*  on  respiration  of  raolat  Wsont*  :creol  Chan* 
241507-517.  1347. 

,      .,      .      .  ... 

•■rain  etorane  atudloa*     VI*        toat  roaplrntion  in  ralatlon 
to    loloturo  content,  nolo  grow,  oal  do  tori  oration 

and  !watlng*     Cereal  S-awa*     S4«l     -       .     1047a* 


IM 


.  oturotj  studler.    .         at  of  novation, 
ture  and  tlao  on  Vr«  re.  sovbeana  oontnininc 

•xcaasive  uuiBtta"©.  >'or*al  Chan*  K.j4;i<-501.  X.94S* 

,  .  •  Joa. 

:i  storage  stmi'.oc.    . 
content,      -jrowth  and  respiration  of  aoTbeana.  Ooroal 
oil.  S3tS25-e47.  194  . 


Sur  lo 

Aood.  Sol*  (Parle)  .  1301 


.a  eoieorvntion  dos  <**ina  par  l»ona'.l«v;o»    ooipt.     ond. 


Pasaor-ini,      . 

•  .--roet  realetanoa  of  aorw  aoeda  to  iawarelon  In  oerbon 
d'sulfldo*  oorbon  tetroc  .lariclo,  w  uoroiol  bonsin©  and 
potrolauu,  .      ;t.  Sapor,  .'.^ror.   (Ploo)  0t711»»741. 

IM  . 

?olrc;.-, 

.nt  In  roaptretion.  .       s.     C3l 

ss-iie. 

uk,  0»  sod  J.  a.  uilnwu 
.eolation  of  aolds  to  the  deterioration  of  corn  In  storage. 
view*     Ioee.  Aeao.  .     51I26S-2D0,     1044. 

affsr.  T«  C.  aod  C  a.    -anoon. 
Vtanglatatlc  vn  >oe*a  f  Pol  of  a 

Kjafp  act.       i.'.         .  .  .  -      -.     l--.  . 

\am  Mi  Ma  hilnah— Iwl  mA  IgawfcMBtai 
a  of  freshly    .nrvostod  w'jeat.     U.S.  tfooeia. 
Tai— ii     tato  ::  jIIo  «.     Ci3  p.    1948* 

titan,     .,  .     .       -.',..       ak  and  C.     .      -a  or. 
Con  -age  by  fmigatlon  with 

epoxide*.  Pood  Induatrioo.     13183-25,  174-1 

. 


